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ABSTRACT

This thesis extends the multi-computer real-time
executive, MCORTEX. The multiple cluster system RTC* (Real
Time Cluster Star), consisting of clusters of singie board
computers (INTEL iSBC 86/12A), which are connected via an
Ethernet Local Area Network, serves as a hardware basis for
the implementation of extended MCORTEX.

The extension upgrades MCORTEX to system-wide
synchronization and general data communication between any
processes in the system. An intercluster shared memory model
is developed, that partially replicates intracluster shared
memory, such that shared data replication is minimized a?d
the system's processing speed is maximized.

This implementation, by transmitting produced shared
data to all consuming clusters as soon as possible after
production, guarantees that only cluster local hits occur in
the system. Share§ memory space 1is wused efficiently by
transmitting shared data to consuming clusters only, and by
the ability to store shared data contiguously in
intracluster shared memory.
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I. INTRODUCTION

A. DISCUSSION
1. General

The goal of this thesis 1is to extend the existing
version of the distributed multi-computer real time
executive (E-MCORTEX) in order to provide systemwide
;S interprocess data communication.
N The existing MCORTEX version was provided by David
Brewer in December 1984 [Ref. 1], and contributes to the
research work done by the AEGIS Modeling Group at the Naval
Postgraduate School (NPS).

The objective of this project group is research on
! time critical processing required by modern anti-air warfare
- (AAW) systems. The project group chose the AN/SPY-1lA phased
array radar processing unit of the AEGIS weapon system due
to its challenging time critical processing demands. A
further fundamental objective of the AEGIS Modeling Group is
to use off the shelf components within the AEGIS weapons
system as a low cost approach, and to upgrade reliability of
; the system by replacing the AN/UYK-7 central computer of the
@ AN/SPY-1A system by distributed computing power. Rapid
repair turnaround and low component replacement cost in the
system in case of failure, and graceful degradation of the
system are of utmost importance especially for military
applications.

The available lab system at NPS is made up of single
board computers building MULTIBUS clusters which are
connected via an Ethernet Local Area Network.

2. Systems Architecture
The 1lab system's hardware configuration shown in
Figure 1.1 consists of two clusters with up to four Intel
iSBC 86/12A single board computers (SBC) in a cluster at the
present time. A MULTIBUS serves as the interconnection
11
e syt e ‘ . T RGN o
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medium for all cluster elements, i.e. besides the SBC's, a
hard disk drive, two extra memory boards, and an interLAN
NI3010 Ethernet Communication Controller Board (ECCB). The
ECCB provides, via a transceiver, the cluster's connection
to the Ethernet.

With the MULTIBUS as an intracluster bus and the
Ethernet as an intercluster bus the system's configuration
looks similar to Carnegie Mellon's Cm* [Ref. 2]. Due to its
goal to serve time critical applications in a real time
environment the AEGIS lab system is known as Real-Time
Cluster Star (RTC¥*).

The system's software configuration shown in Figure
1.2 consists of a MCORTEX kernel on every SBC, MCORTEX
global data on one extra memory board, known as Common
Memory, and Shared Memory on the second extra memory board
in every cluster. Besides the MCORTEX kernel, also the
CP/M-86 operating system and DDT-86 are available in local
RAM of every SBC, and the user area provides space for
application programs. The CP/M Multiuser area is kept on the
Common Memory board, while Shared Memory houses user shared
data and some system's shared data.

SBC 1 1in every cluster is dedicated to a systems
program known as the system device handler and packet
processor (called a driver in the following). Part of
Shared Memory is used as a data exchange buffer between any
SBC in the cluster and the driver board, SBC 1, for Ethernet
transmission requests. Another part serves as data exchange
buffer between the driver board and the ECCB for handing
over messages which are to be transmitted and messages which
have been received.

The distributed MCORTEX kernels provide the
multiprocessing capability of the system. System processes
and user processes share the CPU of a respective SBC. David
Brewer gives an in depth discussion of the interrelationship
and the scheduling of processes.

13
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Figure 1.2 Software Configuration of RTC¥.
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:ﬁ The process synchronization is accomplished using
‘E eventcounts and sequencers as developed by Reed and Kanodia
:; [Ref. 3]. Eventcounts synchronize all processes, those
: running on the same board as well as those running on
;i different boards in the same cluster as well as those
(3 running on boards in different clusters.
& It is important to recognize that eventcounts are
) also data, even though a special kind of data.
- 3. Specific
N A typical application situation for systems like
- RTC* is time critical gathering of data by real time sensors
’ (e.g. radar), processing these data in the context of
E information gathered by other sensors, and executing
Q specific algorithms in order to produce data that are
% consumed by effectors (e.g. missile launchers).
: Under the realistic assumption that sensors and
3 effectors are 1locally distributed and that sensor-effector
k coupling or grouping must be kept flexible for the sake of
" weapon system survivability, it is obvious that the
- different processing modules cannot be kept together close
3 enough in order to use shared memory in the conventional
sense.
B. BACKGROUND
g A series of theses starting with one by W.J Wasson, June
b 1980, which defined the detailed design of MCORTEX based on
'E MULTICS and the use of eventcounts [Ref. 4], developed a
' highly modular system, hardwarewise and softwarewise, using
8 commercially available components, that guarantee low cost,
'3 availability, and reliability. D.K.Rapantzikos, March 1981,
- provided initial implementation [Ref. 5], E.R. Cox, December
! 1981, refinement [Ref. 6], and S.G. Klinefelter, June 1982,
3 dynamical interaction with the operating system during
N execution [Ref. 7].
N W.R. Rowe, June 1984, put the multiuser CP/M-86
'! operating system under control of MCORTEX [Ref. 8], and
15
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finally D.J. Brewer, December 1984, extended MCORTEX to a
multicluster system without shared memory, using Ethernet as
cluster interface.

The system's functioning was shown for the extended
MCORTEX version up to the 1level of systemwide process
synchronization using distributed eventcounts in a
multicluster environment. Even though eventcounts are data
also, and communicating eventcounts is shared data
communication, this special shared data communication lacks
the ability of user shared data distribution over the total
system.

This thesis tackles this important step.

C. STRUCTURE OF THE THESIS
The goals of this thesis are:

1. To extend the existing MCORTEX version, that provides
process synchronization and single cluster
inter-systemprocess data communication using an intracluster
shared memory, to multicluster general inter-process data
communication in an Ethernet Local Area Network environment.

2. To develop' an appropriate model for intercluster
shared memory to be used in the system.

3. To accomplish the extension without changing the
MCORTEX kernel, but modifying PL/I-86 modules only.

Chapter I discusses the objective of the AEGIS Modeling
Group at the Naval Postgraduate School, gives an
introductory system's overview, a brief development history
of the system, and outlines the goals of this thesis.

Chapter II discusses three different approaches studied
in developing the concept of intercluster shared memory for
RTC*, and the reasoning that lead to the decision for the
chosen model.

Chapter III presents the organization of intracluster
shared memory, the use of the user shared data area, and the
intracluster data flow.

16
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Chapter IV provides an in depth presentation of the

development and realization of
RTC*,

intercluster data sharing in

Chapter V summarizes the current state of

and addresses possible future enhancements.
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S II. ORGANIZATION OF INTERCLUSTER SHARED MEMORY

éﬁ: A. SHARED MEMORY MODELS

,iﬁi In developing the concept of intercluster shared memory

;TH for RTC*, three different approaches were studied:

i

,QK” 1) no replication of intracluster shared memory,
..c

TN 2) total replication of intracluster shared memory, and
y,

k“: 3) partial replication of intracluster shared memory.

M

3 The 1logical structures of these approaches are shown in
A Figure 2.1.

r ‘e

N 1. No Replication

‘?ﬁ‘ This model views the intercluster shared memory as
‘:{S the sum of individual intracluster shared memories of all
;253 clusters available in the system. This is very similar to
i?&: the approach chosen for Cm¥.

Cﬁf Every shared data item is kept only once in

intercluster shared memory, normally in the intracluster
shared memory of the home cluster of the producing process.

Consuming processes have to go through the vari 1s bus
- hierarchies of the system in order to access the respective
item at the time when consumption is to start. Apparently

,*é this is a very time consuming effort if the respective data
WASE item is not resident close to the consuming process. Close

. in this context refers to being 1located in shared memory of

20 the consuming process' home cluster. In terms of time
iEE efficiency for this model, the only reasonable solution for
‘gﬁi this situation is to put producing and consuming processes
;ﬁ; as close together as possible in order to increase the rate

of cluster local hits.

The space-time dilemma becomes obvious. 1In terms of
space, this approach is the most efficient one, because
‘ifg there exist no duplications of any data item in the whole

18
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system. The intercluster shared memory space is equal to the

A AN

sum of all intracluster shared memory spaces in the system.

o' 4 a

However, if we accept the fact that memory becomes
cheaper and cheaper every year due to development of
R technologies that put more and more memory space on a chip,
then we could afford to replicate data in different memories
P of the system in order to increase the number of cluster
5 local hits, or even to ensure that only local hits happen in
N the system. This leads to the second model of intercluster
- shared memory.

" 2. Total Replication

The opposite extreme of no replication is total
f replication of all shared memory, 1i.e. every intracluster
i shared memory keeps all shared data items and so
intercluster shared memory consists of as many copies of
intracluster shared memory as there are clusters in the
- system. Due to the necessity that all intercluster shared
memory has to fit in every intracluster shared memory, the

s

available space for intercluster shared memory is equal to
the space of the smallest intracluster shared memory of any
cluster in the system. Therefore it must be ensured that the

OOINNS

smallest intracluster shared memory is 1large enough to keep

all shared data items needed in the system.

D

x

This model makes sure that only cluster local hits

=
LR P Y

occur in the system, and that every consuming process finds

P
vy,
,_‘.l

LKL

every data item in shared memory of its home cluster. This
seems to be a very time efficient approach that suits the

A A'-o

demand of having data as close as possible to the producer

Yo
L

’
i

and the consumer as well.

(R
_af At

A major problem with this approach however is the

increased overhead in maintaining and wupdating of shared
data items that are never used at a certain cluster. This

-
»

-
o

overhead especially consists of traffic on the systems buses

and processing time of the hosts at the interfaces between

K ]

Ly

clusters and transmission medium. This traffic overhead
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slows down the data distribution so that it takes longer for
data to be available at the consuming process' cluster for a
local hit there.
The compromise is a combination of these first two
models, where only necessary replication of data is done.
3. Partial Replication

In this model every cluster maintains shared data
only if those data are used at a specific cluster, 1i.e.the
producing and the consuming clusters only keep a copy of
respective data items, no superfluous information is
maintained and there is no superfluous traffic on the
transmission medium and the system buses. The intercluster
shared memory in this approach is equal to the union of all
individual intracluster shared memories in the system and
only the intersections are replicated. There can be
different intersections between different cluster groups in
the system. This approach is the most efficient one in
terms of space and time. The traffic on the transmission
medium and the system buses, and the amount of processing
time needed for data exchange is kept to a minimum. Also, as
in the total replication approach, only cluster local hits
will occur.

The overall policy is to transmit shared data to
all consuming clusters as soon as possible after production,
and to transmit those data to consuming clusters only.

This approach seems to be the most adequate one for
a distributed real time system, as it reflects the optimal
compromise in terms of speed ,space, and update overhead.

Intercluster shared memory by partial replication of
intracluster shared memories was therefore chosen for
implementation in RTC¥*.
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III. ORGANIZATION OF INTRACLUSTER SHARED MEMORY

A. CLASSES OF SHARED DATA

Looking closer at shared data, we realize that there are
different classes of shared data wused in the system. Some
data is shared among processes on the same board only, some
is shared among processes on different boards in the same
cluster, and some is shared among processes in different
clusters.

It was decided to keep all shared data on special memory
boards, even though some of the data is produced and
consumed on the same board. To protect system's data used by
the operating system, these data items are stored in Common
Memory, which is beyond the reach of user data memory,
called Shared Memory.

All MCORTEX global data are maintained in Common Memory.
Every cluster has one Common Memory where all MCORTEX global
data needed in the respective cluster is kept. Brewer
describes the logical organization of Common Memories. Due
to the fact that eventcounts are used for intracluster and
intercluster process synchronization, some of these
eventcounts are replicated in more than one cluster.

It must be recognized that there exist system's
eventcounts in every cluster, e.g. ERB_READ and ERB_WRITE.
These are used strictly cluster internally and do not belong
to the intersection of intercluster Common Memory. These
system eventcount have the same name in every cluster, but
their respective values are never distributed over the
system. Only user eventcounts that are used in more than one
cluster are distributed and therefore replicated in
respective clusters.
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B. SYSTEM SHARED DATA

A similar situation exists in Shared Memory. There are
three data items in Shared Memory which are used exclusively
within the cluster:

1) the Ethernet_Request Block,
2) the Transmit_Data Block, and
3) the Receive_Data_Block.

These are data items shared between the driver residing
on SBC 1 and either MCORTEX kernels on other boards or the
ECCB. These system's data items are needed to establish
cluster external communication. Information needed by the
driver about outgoing and incoming messages has to be
communicated via Shared Memory, because it is not possible
to access local memory of any SBC from outside the board.

As is true for system eventcounts in Common Memcrv,
these three system shared data items are also used strictly
cluster internally and do not belong to the intersection of
intercluster Shared Memory, even though they have the same
names in every cluster. Only user shared data, that are
shared in more than one cluster are distributed and
therefore replicated at respective clusters.

As described by Brewer, the Ethernet Request Block, the
Transmit Data Block, and the Receive Data Block reside in
this order in the lower part of Shared Memory at addresses
10000H, 10078H, and 10666H respectively. The User Shared
Data Block starts at address 10C58H and goes up to 17FFFH as
the highest address in Shared Memory in the present

implementation of RTC*.

- C. USER SHARED DATA

S Shared data items are basically interfaces between
&g} different processes. Processes communicate via these shared
ng; data. It is therefore important to agree on the name, size,
Eiﬁ ‘ and structure of shared data used by different programmers
;g§ for different process modules. This agreement must be
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accepted by all programmers of any system module and can be
thought of as reached under the guidance of a lead
programmer.

An individual programmer can still use any other private
name and structure for some variable, as long as he or she
ensures that communication with any other module is done
using the agreed upon name and structure.

1. Organization of Shared Data

Shared data items are organized as circular queues
of structures, where the actual item is a structure and the
queue serves as buffer between producers and consumers. This
is true for user shared data and system shared data as well.

While system shared data items have fixed predefined
structures and queue lengths, a user shared data item can be
of any structure, and a user shared data queue can be of any

length. The only restriction is that all wuser shared data
queues needed at some cluster must fit together into the
User Shared Data Block in Shared Memory of that cluster.

The 1length of specific data queues 1is another
important issue to be agreed upon by all programmers using
respective shared data items. The chosen queue 1length
depends on the expected average input and output rate of a
specific data item queue. The goal 1is to reduce or, 1if
possible, to avoid idle waiting times at producing processes
due to a filled up queue caused by slow consumption.

As mentioned in Chapter II, the data communicating
version of RTC* developed in this thesis will wuse the
concept of partial replication of Shared Memory. Therefore
we think of intercluster Shared Memory as the union of all
intracluster shared memory blocks that contain user shared
data. Data communication is only possible among clusters
that actually share data (i.e. there exist an intersection
of intracluster Shared Memories of those clusters and the
respective shared data item is in the intersection). To put

it another way, an intersection of intracluster Shared

24




- Memories is only needed if processes in respective clusters

o need to communicate. If intracluster Shared Memories only

keep those shared data items needed (produced or consumed)

by 4some process in the cluster, then automatically the

minimum intersection and therefore the least duplicated use

'5 of memory space and the most efficient use of time for
: maintaining the data is guaranteed.
2. ©Storage of User Shared Data

N In order to further accomplish efficient use of
. memory space, the system is set up in such a way, that user
shared data queues can be stored at any address in the User
Shared Data Block in Shared Memory. There must, however, be
enough space available between the starting address of the
queue and the highest possible physical memory address
(i.e.17FFFH in the present implementation).
" This flexibility also allows for contiguous storage
s of all user shared data and thus the available storage space
is most efficiently used.
The same data item can reside under different
addresses in different clusters. The application programmers
- do not have to worry about the addresses, they refer to a
specific data item by its name. The lead programmer will
take care of assigning addresses to sharsd data queues. When
and how this 1is done will be discussed in Chapter IV. For
now it should suffice to realize that the organization and
. storage of user shared data in this implementation is done

with the least duplication of data items, where each shared

D. RELATION BETWEEN SHARED DATA

An important relation exists between system shared data,

.
~ data is available in the local cluster.
=
N

eventcounts and user shared data, which is exploited by the
driver for its data communication task.

: The system internal management of a data queue is
s controlled asing an eventcount <dataname>_IN and an

" eventcount <dataname>_OUT. These eventcounts have to be
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distributed over the same clusters as the related data item,
in order to ensure that a consumer does not read a data item
before it is in the queue, and a producer does not write a
new item into an already used slot before the cld item has
been consumed by all its consumers. The eventcount
<dataname>_ IN tells all consumers that an item is available,
the eventcount <dataname> OUT tells the producer that a
former used slot is available for new data.
1. The Ethernet Request Block
Refer to Figure 3.1 for the following discussion.

The system shared data queue, the Ethernet Request Block
(ERB) is filled with Ethernet Request Packets (ERP)
initiated by any process resident at the cluster when it
calls for an update of the value of an eventcount that is
also needed at some other cluster.

The many producers of Ethernet Request Packets are
kept in sequence by the systems sequencer ERB_WRITE REQUEST,
which basically is a ticket machine that makes sure that
only one packet at a time is put into the Ethernet Request
Block, and that E;hernet Request Packets are put in on a
first come first serve basis. The only consumer of Ethernet
Request Packets is the driver on SBC 1.

An Ethernet Request Packet keeps the following
information in its eight byte structure:

command (i.e. OOH means eventcount)
type_name (i.e. 8 bit eventcount id)
name_value (i.e. 16 bit eventcount value)

remote_addr (i.e. 16 bit addr of external cluster)

System eventcounts ERB_WRITE and ERB_READ play the
functional roles of <dataname>_IN and <dataname>_OUT
respectively for this system shared data queue.

We realize that ERPs in the ERB are in partial
order. The order of packets for different eventcounts
<dataname>_IN or <dataname>_ OUT is of minor importance. More
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important to notice is that the logic of eventcounts, if
used correctly, ensures

a) that a packet with an eventcount <dataname>_OUT always
comes after a packet with the respective eventcount
<dataname>_IN, and

b) that all packets with eventcounts <dataname>_IN for a
specific data queue are in total order, which is also true
for all packets with eventcounts <dataname>_OUT for a
specific data queue.

2. User Shared Data Block

As mentioned above, user shared data queues can be

of any length and the data items can be of any structure,
but every data item has a specific structure that is
replicated in every slot of its data queue.

Due to the information contained in the eventcount
value, a specific slot in a data queue has to be written
before the eventcount is advanced and also the eventcount
has to have been advanced before the next slot 1is written
to. The application programmer has to be aware of this

logical sequence when using eventcounts. The system then

ensures that always the next higher slot in the queue is
written to, and this only if this slot is available for
overwrite.

This scheme also ensures that the data items in a
respective queue are totally ordered. Furthermore, it is
ensured that respective Ethernet Request Packets that keep
value information of an eventcount related to this data item
are in the same order as the data item iterations in the
data queue. This 1is also true if an eventcount relates to
multiple data.

These facts about the relation between eventcounts,
Ethernet Request Packets, and user shared data is the basis
for the logic of the implementation of the drivers data
transmission and data reception tasks.
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E. INTRACLUSTER DATA FLOW

As mentioned earlier, we assume to have the classical
producer-consumer situation for all user shared data in the
system. Data items are kept in circular data queues that
serve as buffers between producers and consumers. Due to
this assumption, all user shared data are related to some
eventcount, which replaces the semaphore used in the
classical example. Refer to Figure 3.3 for the following
discussion.

A user process resides in the user area of local RAM on
some SBC. The process becomes active when the scheduler
chooses it as the next process to run after it was ready.
Before a producer process can place the produced data item
into the queue, a slot must be available. Slot availability
can be checked by comparing the <dataname> IN and the
<dataname> OUT eventcount values of the respective data
queue.

A consumer process becomes ready only when the value of
the respective <dataname>_IN eventcount has reached the
awaited threshold, indicating that there is a new iteration
of the data item available in the data queue.

A process which consumes data and produces new data as
well obeys the same rules. It 1is of utmost importance that
the application programmers use eventcounts and the AWAIT
and ADVANCE primitives correctly.

A producer process when running produces shared data

items, puts these items into user shared memory, if there is

3 space in the queue, and then calls the system primitive
? ADVANCE (EVC). This system process then increments the value
i of the respective eventcount and checks if this eventcount
+ is distributed and therefore a cluster external copy needs
% to be updated. I1f so, it calls another system primitive,
Eﬁ SYSTEMSIO, whic’ in turn gets a ticket from the

7

E‘:a:

30

----- . ~ - - -t A [ P S NV I O S -
R e T S P IR A TN L e T
........ W AP SR GO DN U P GRS Y DTS WP PRI R WL WP T GOF WL WS VR PR W v A PO, S Y




B A i o o L e o i - L s o

LAC i o ek g

Ll g ais Sad Sad Jaal Aol Sads uendt - Aedl Skl S vgbl ARl Al 0 i I Al i M SR an 8 aa AN 8 0 s 1 o4 B S e A Bt A S i~ -, |

-produce shared data
-call ADVANCE (EVC)

Y
Systen Rrovensey

ADVANCE (EVC)

—~advance eventcount

-if eventcount is
distributed
then

| sysTEMSTO |
- produce ERP

00000

CP/M-86 0S
04390 27%4%07 =
0B200 '%//‘/ E //%%
Loader
OB700
0C800
OFFFF
Local RAM
EO000
CP/M
Multi User
E5300 Area
MCORTEX
Global Data
E7FFF

Common Memory

Ethernet Request Bl.

Transmit Data Block

Receive Data Block

User Shared Data

Block

17FFF

Shared Memory

Figure 3.3

Intracluster Data Flow.
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4 number becomes the lowest in the waiting line.

"

e If no remote copy is needed, then no Ethernet Request )
QS Packet is produced, because all consumers reside in the same

-\\. » .

N cluster as the producer, and the cluster internal

synchronization can take place, as all needed data (i.e.
eventcount value and shared data, if any) is present at the

cluster. A waiting consumer process becomes ready and when

activated consumes the shared data item from Shared Memory.
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IV. INTERCLUSTER DATA SHARING IN RTC*

A. INTERCLUSTER CONNECTION
1. The Ethernet

As mentioned 1in the system overview in Chapter I,
all clusters in RTC* are connected via an Ethernet Local
Area Network. A detailed specification of the Ethernet is
given by Xerox Corporation [Ref. 9]. The Ethernet provides
the lowest two levels in the International Standards
Organization's Open System Interconnection (ISO 0SI)
reference model, i.e. the Physical Layer and the Data Link
Layer. Higher levels are collectively seen by the Ethernet
as the Client Layer. The RTC*'s driver provides the
system's Client Layer and the home board of the driver, SBC
1, serves as a host in the Ethernet's communication subnet.
The physical connection of a cluster to the Ethernet's
coaxial cable is provided via the ECCB NI3010, the interface
between the MULTIBUS and the transceiver which actually is
the tap clamped on the coaxial cable.

While the interface board provides the hardware
connection between the highest level system bus (Ethernet)
and the cluster bus (MULTIBUS), the ECCB software and the
driver are responsible for correct exchange of messages
transmitted or received by any cluster in RTC¥.

As is true for all SBCs, also communication with the
ECCB NI3010 has to be done via board external buffers. 1In
contrast to inter-SBC communication, which is synchronized
by eventcounts, intercommunication between SBC 1, the
driver's home board, and the ECCB is synchronized using
interrupts (e.g. Transmit_DMA Done or Receive_DMA Done).

An in depth description of the hardware NI3010 is
given by InterLAN Corporation [Ref. 10]. The software
driver was developed by David Brewer. Brewer's thesis

provided the basic scheme for intercluster exchange of
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eventcount values. The contribution of this thesis is to
enhance the basic scheme for a general data exchange in the
system by modifying the driver software and exploiting the
logical interrelation between eventcounts and shared data.
2. The Ethernet Packet
Figure 4.1 shows the frame format of an Ethernet

packet. This is a given structure produced by the ECCB.
Information to be put into four of the six fields have to be
provided by the client. Preamble and Frame Check Sequence
are added by the ECCB for receiver synchronization and error
checking respectively.

For a destination address, any six byte combination
except all zeroes can be used, which is also true for the
source address. The arrows on the right hand side and the
bottom of Figure 4.1 indicate the serial transmission
sequence of the bytes and bits. The very first bit
transmitted in the destination field indicates whether the
destination address is a multicast or a physical address. If
this bit is 1, making the first byte of the destination an
odd number, then this address is a multicast address (group
address of any number of clusters). A special multicast
address, all ones, 1is reserved as the so-called broadcast
address, which addresses all participants in the network.

If the first bit is 0 then the destination is a
physical address. Physical addresses are fixed addresses of
ECCBs. Xerox Corporation takes care that physical addresses
are unique, i.e. every physical address is used only once in
any ECCB worldwide.

Due to the just described restrictions, there are
actually 2%%47 different combinations available to be chosen
as non-physical, non-broadcast destination addresses. For
the present implementation of RTC* it was decided that two
bytes are more than adequate, because the maximum number of
stations for an Ethernet Local Area Network is restricted to
1024 by the Ethernet specification. Therefore the firsc
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four bytes of the destination are kept fixed O03H, OOH, OOH,
O0H providing the multicast indication by an odd first byte.

For the the source address, the ECCB allows two
possible ways. Either this address is not provided by the

R ¢

client, in this case the ECCB automatically inserts its
physical address, or the client fills in a source address.

AR
2", TR
PPN P

This second way speeds up the transmission process and was
therefore chosen for RTC*. The first four bytes are kept
fixed 03H, O0H, OOH, OOH as in the destination field. Byte
five and six conta.n the cluster's address. This is not the
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ECCB's physical address as mentioned by David Brewer, but
rather a software address of the transmitting cluster.
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The two bytes of the type field are reserved for
use by higher levels. Clients can use this field in order to
exchange information about a specific format used in the
data field. The present implementation of RTC* will not use
the type field and therefore sets it to OOH, OOH.

The data field provides space for up to 1500 bytes.
b It is required that the minimum length of the data field be
o 46 bytes in order to generate the minimum total length of a
- sufficiently long message. This minimum message size
requirement guarantees that in any Ethernet collisions are
~\ detected by the sending stations, even if source and
= destination stations are maximum distance (2.5 km) apart,
{} and the net performs at worst case propagation speed
g tolerated by the Ethernet specification. Collision detection
y by the sending station is important for correct backoff and
fi retry in order not to loose messages in the network. The
- ECCB takes care of this minimum length requirement as will
g be seen later. Also the sending ECCB attaches a four byte
e frame check sequence at the end of every Ethernet packet in
- order to provide a basis for error checking to the receiving
ECCB.
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B. DRIVER - ECCB MESSAGE HANDOVER

By a chosen wiring option, it is not possible to access
(write or read) onboard memory of an SBC or the ECCB from
outside the board. Therefore a buffer for message handover
is needed for outgoing messages as well as for incoming
ones. These buffers are set up in Shared Memory as systems
shared data Transmit Data Block and Receive Data Block. 1In
contrast to other shared data (e.g. Ethernet Request Block
or user shared data), the Transmit Data Block and the
Receive Data Block are single slot queues that meet the
structure requirements given by the ECCB specification
described in the Ethernet Communication Controller User
Manual.

1. Transmit Data Block

The Transmit Data block is a structure of 1514 bytes

that contains all information required to be submitted by
the client in order to enable the ECCB to build the Ethernet
packet described above. Figure 4.2 shows this structure. The
destination and source fields are filled with the preset
address parts as well as the dynamically changing two high
bytes of the destination. The type field keeps the values
O0OH, OOH, and the actual message content is kept in the
lower part of the 1500 bytes data field.
2. Receive Data Block

The Receive Data Block, see Figure 4.2, is similar
to the Transmit Data Block and carries all information
contained in an incoming message, i.e. destination, source,
type and data field. 1In addition, the receiving ECCB hands
over status information related to the message, that can be
used by the client in order to determine the length and the
error status of the received packet. These additional items
of information are kept in the first four bytes (1 byte
frame status, 1 null byte, 2 bytes frame length) and the
last four bytes (frame check sequence) of the Receive Data
Block, making the Receive Data Block 1522 bytes long.

37




YT T Y T T —" e N N W R W W W W R N W W T

S

§ .

WA Frame Status
L 0

RNy Frame Length <7:0> )
Frame Length ¢15:8>
Destination (A) Destination (A) )

(B) (B)

- S ettt
« :
P
» b + TR
o’ LA
S e

o © (©)
= (D) (D)

(E) (E)
(F) (F)
Source (A) Source (A)
(B) (B)
(C) (C)
(D) (D)
(E) (E)
(F) (F)
Type Field (A) Type Field (A)
(B) (B)
Data (first byte) Data (first byte)

o

e O
P

.
F '
P

LI I

'
2’

Fi@
.A'.l

»
¥

K 2 e « . -
S
BRI L

. Data (last byte) Data (last byte)
e CRC <24:31>

ﬁi? CRC <16:23>
‘% CRC <08:15>

' CRC <00:07>

- Figure 4.2 Transmit Data Block and Receive Data Block.

S5 38

. - R N A R J R TR SN e Y ‘.".'—“_,"‘,“ NS U B
R R R e I S S A TSR s e - PRI PR P UL SN R
IR S A S S i A R A R . e T e e J e N e AV S
o IO I Sy




e e S e ghe G e s e Jac

- e

vy

The present implementation of RTC* ignores the
frame check sequence and concerns itself only with the data
field.

Even though the 1length of the data - field in the
Ethernet packet 1is determined by the length of the actual
message, both, the Transmit Data Block and the Receive Data
Block provide space for maximum length messages in order to

be prepared for any legal message size.

C. MESSAGE TRANSMISSION AND RECEPTION

The main task of the driver on SBC 1 is to build a
message that is to be transmitted over the Ethernet, and to
process a message that was received. For transmission, the
message has to be built in the Transmit Data Block in Shared
Memory first, and then the ECCB 1is to be triggered for
transmission. For reception, after the ECCB signaled that
it has put a message into the Receive Data Block in Shared
Memory, the correct data queues in Shared Memory have to be
found and the data items have to be put into the correct
slots in their respective data queues.

In order to be able to do this correctly, every driver
maintains a table in its local RAM which contains all the
information needed about the relationship between
eventcounts and shared data items,

1. The Relation Table

We assume that every user shared data item used in

the system is related to some eventcount. The driver
exploits <dataname> IN eventcount, because this 1is the
trigger for shared data transmission when put into an
Ethernet Request Packet by the SYSTEMSIO process.

Only if a <dataname>_IN eventcount was advanced, was
there a new data item put into the respective data queue. An
eventcount can also serve as a <dataname>_IN indicator for
multiple data items that are updated at the same time. The
important property is that for every shared data item there

exist one <dataname>_ IN eventcount, which is advanced after
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the data item is available in its corresponding data queue
in Shared Memory. Only if an eventcount is distributed over
the system, and therefore a cluster external copy is needed,
is there an Ethernet Request Packet produced -and put into
the Ethernet Request Block. Every data item is distributed
over the same clusters as the eventcount to which it 1is
related. A <dataname> OUT eventcount only informs everybody
in the system that a slot in the respective data queues
becomes available for overwriting (an important item of
information for producer processes), and so these
eventcounts, if distributed, will be transmitted alone, with
no user shared data in the same Ethernet message.

This logical interrelation between eventcounts and
user shared data is kept in the relation table shown in
Figure 4.3, which is a structure of 100 entries (the present

implementation of RTC* allows for 100 eventcounts per

"';'.1 Srige fk

A 4N

cluster), which holds the eventcount id and the number of

"

related data items on level two, and information about up to

¥y
e ala A

10 data items for every eventcount on level three. Besides
the knowledge about how many data items belong to some
eventcount, the driver needs to know, where to find a data
item, what is the items structure size, what is the data
queue length, what is the next slot to be sent, and what is
the next slot into which to put a received item.

The relation table is built by the driver during
system initialization by the procedure make_table, see
Appendix A. This procedure reads the file relation.dat,
which has to be present on the disk that keeps the cluster's
software.

The driver (see Appendix D) 1is a general system
process that is identical at every cluster. The relation
table is cluster specific and keeps cluster specific
information only. The relation.dat file has to be set up by
the lead programmer, who decides what application program is
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rel tab(100)

evc_id
r data items related
rel tab(1 (2)
evc_id
# data items related
Y
7 (8‘(9 =
=36}
(3141
data (1l ﬂg)f'
pointer
queue length F_
bytes [
next out
next in
Figure 4.3 The Relation Table.
to be rumn at what cluster, and therefore knows what
eventcounts and user shared data are needed at a cluster.
The relation.dat file basically is a table
consisting of five columns as shown in Table I. It keeps
eventcount identification, number of data related to this

eventcount, and for every data item the address of the first
byte in its data queue, the length of the data queue (# of
slots), and the 1length of the data of
bytes). The last line in the relation.dat file serves as a
sentinel consisting The

be in

item structure(#

in all five columns.

the formatted indata to

of zeroes
procedure make_table expects
columns 5, 15, 25, 35, 45 respectively. This information is
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TABLE I
FILE RELATION.DAT
evc_id numdat point gqlen bytes
col col col col col
5 15 25 35 45
0l 1 8c52 50 6
02 K] 848 10 3
8da2 20 5
8e06 2 10
05 2 8ela 30 5
8eb0 50 9
07 1 9072 15 5
04 1 90bd 20 8
00 0 0000 00 00
read into the relation table entries evc_id, numdat,

pointer, qlen, and bytes respectively. Next_in and next_out
are initially O and therefore do not have to be read in.

The information kept in the relation table suffices
for the driver to do its job. The driver does not need to
know anything about' the logical structures or names of data
items. It treats a data item as a sequence of bytes, and is
only interested in finding the correct sequence of bytes for
transmission, or the correct place in Shared Memory to put
the bytes after reception. Procedures make _message and
process_packet take care of this.

2. Data Format

A decision that had to be made was in what manner
the data field of an Ethernet Packet should be used in order
to exchange data in RTC*. The question was discussed whether
to use different fixed formats for different situations and
using the type field for identification of the format used
in the data field. After recognizing the logical
interrelationship between eventcount and shared data, that
carries the possibility of uniquely identifying a group of
shared data by its common eventcount, it was decided to keep
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the data format as flexible as possible.

The first four bytes of the data field will always
keep the eventcount information followed by as many data
items as are related to this eventcount. The maximum length
of these data items together is restricted to 1496 bytes in
order to respect the 1500 byte 1limit of the data field when
the 4 byte eventcount information is included. This seems
to be more than adequate for the purpose of RTC*, and still
leaves the possibility to transmit all data items as long as
a single item is not longer than 1496 bytes, by logically
grouping data items wunder eventcounts respecting this
restriction.

The eventcount is the identifying part, therefore
only one eventcount is transmitted in any Ethernet packet.
3. Message Transmission

Message transmission is triggered by an Ethernet Request
Packet (ERP) available in the Ethernet Request Block (ERB);

more precisely, by an advanced eventcount ERB_WRITE
indicating that there is an ERP in the ERB which has not i
been processed yet. The driver with its preference for

outbound messages will start a transmit job as soon as
possible. In the initialization part, the driver already has
preset the first four bytes of the destination field and all
six bytes of the source field. Refer to Figure 4.4 for the
following discussion.

Bytes five and six of the ERP are copied into the
two high bytes of the destination field of the Transmit Data
Block, making the first 14 bytes of the Transmit Data Block
complete.

Next a four byte overlay is put over the ERP, using
a based variable [Ref. 11], after which the procedure
make_message (see Appendix B) is called.

This procedure first checks if the ERP contains an
eventcount (in the present implementation only eventcount
related ERPs are processed). If byte one of the ERP
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contains OOH, indicating EVC_TYPE then the first four bytes
of the ERP are copied over into the first four bytes of the
data field of the Transmit Data Block.

Next a relation table look up is done under the
respective eventcount_id and the number of related data
items is found. If the eventcount_id is not in the table,
then there are no related data and the message is done,
otherwise the first related data item is found, an overlay
(1500 bytes in the present implementation) is aligned with
the data queue, using the address information (pointer) of
the data item. Now the slot number (next out) and item
size(bytes) are combined to an offset in order to find the
first byte to be copied over into the Transmit Data Block to
follow the eventcount information in the data field. The
data item size (bytes) contains the number of bytes to be
copied over.

The next_out of this data item in the relation table
is updated to the next slot number, and the 1loop starts
again for the next data item related to this eventcount.
Meanwhile also the total bytecount for bytes put into the
data field of the Transmit Data Block is carried on. After
all the related data has been copied over into the Transmit
Data Block, this bytecount information is added to 14 (6
bytes destination, 6 bytes source, 2 bytes type) and the
resulting bytecount is used as a parameter in the procedure
transmit_packet, which signals the ECCB that a message is
ready to go and should be sent.

Just before calling procedure transmit_packet, the
driver calls ADVANCE (ERB_READ), which makes the just
processed ERP slot available for reuse.

The ECCB copies the number of bytes signaled
(minimum 60) into 1its transmit queue and puts the message
out over the Ethernet. If necessary due to collisions, the
transmission 1is repeated and only after the message was
successfully sent does the transmitter become ready for the
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o next transmission, which is prepared by the driver in the
%; above described fashion.

*ﬂ 4, Message Reception

! ‘ Message reception is triggered by an ECCB interr.pt
&? signaling that there is a received message available in the -
Tfh ECCB's receive queue. Refer to Figure 4.5. The driver then
ﬁ initializes a DMA and the ECCB puts the message into the
C? Receive Data Block in Shared Memory. After the message is in
;ﬁ the Receive Data Block, the procedure process_packet (see
j{f Appendix C), 1is called. This procedure works similarly to
o8 the procedure make message.

: . Instead of getting the needed information from an
3?2 ERP, procedure process_packet has to look up the first bytes
;i in the data field of the received message. This
Ei implementation of RTC* neither uses the frame status and
.f; frame length information, nor the frame check sequence.

f%g First the procedure process_packet looks up byte one
%ﬁ of the data field in order to check if the just received
o message contains eventcount information. If so, it finds out
'u- if the value of the just received eventcount is higher than
‘f? the local value of the respective eventcount, because the
EE message is of interest for this cluster only if the remote
o eventcount value is more advanced than the local one.

o If the remote value is higher, a relation table look
';l up is made under the eventcount_id found in byte two of the
o data field.

ﬁii If there is no entry in the relation table for this
g eventcount, then no related data exists and the only thing
g‘ to do is to update the local eventcount value.

‘ig, If an entry exists, then the address (pointer) of
A the first related data item is found, an overlay is aligned
'fﬁ with the respective data queue, and the slot number
:Eﬂ (next_in) and the item size (bytes) are combined to an
:35 offset in order to find the first byte in the data queue
:&I that is to be changed. Then the number of bytes found in the
o 46
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item size information is copied over into the data queue,
starting with byte five of the Receive Data Block's data
field (i.e. the first byte of the first related data item
received).

During this operation also the bytecount is updated
in order to find the starting byte for the next related data
item.

Similar to the procedure make_message, the procedure
process_packet updates the next in information to the next
slot number in order to be ready for the next incoming
message bringing an update for this data item if any.

After the first shared data item is copied into its
correct slot 1in Shared Memory, the next related item is
copied into its respective queue. After all received related
data items of the received eventcount are updated, the
eventcount 1is advanced ¢to its new value, signaling the
shared data status to respective consumers at this cluster.
The procedure process_packet takes care of advancing the
eventcount only after all related shared data items are
updated, guaranteeing the consistency of eventcount values
and data items.

D. DATA SHARING

It is obvious that data sharing using buffers in Shared
Memory can only be achieved when producers and consumers
agree upon, where to put and to find the respective data
items. Also, this only works, if producer and consumer deal
with the same item structure.

In a system like RTC*, where probably many applications
programmers write different system modules, these
programmers have to agree upon the shared data names and the
structures and queue lengths (at 1least for intracluster
sharing).

Even though it would suffice to only declare those
shared data items that are actually used in some process,
the policy followed in the demonstration program was to

48
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>
iti include a common declaration file in every module in order
;:3 to ensure that sharing modules really work with the same
§ﬁ data item. Following this example in a real program makes it
P easier to maintain all shared data declarations, probably
?: done by the lead programmer.
Applications programmers include the shared data file

in their programs and only have to be concerned about the
L: correct use of those items actually used in their programs.
:ﬁ Table 1II shows the file share.dcl for the demonstration
;-_} program.
T TABLE II
i~ FILE SHARE.DCL
.. DECLARE
i: (de_ptr,tr_ptr,mo_ptr) pointer,
) 1 delta(0:19) based(de ptr),
- 5 q¢ gixed pin Fz
: 2 dz fixed bin (7),
[ 1 track(0:49 based§tr ptr),
o 2 x fixed bin (15],
. 2 y fixed bin (15),
jf 2 z fixed bin (15),
s i N I Rl

2 azimuth float binary,

& 2 elevation float binary;

This file ensures unique declarations for all user shared
. data in the whole system.
;i Every user shared data item is declared as a queue that
‘ is based on a respective pointer. Using based wvariables
5 provides the possibility that in spite of total user shared
?, data declaration, only for those items that are to be
f resident in some cluster's Shared Memory physical memory
a space is assigned. This leads to efficient use of memory
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space. As mentioned before, contiguous storage of data
queues enhances the efficiency even more.

This requires thoughtful assignment of addresses to the
different data queues in the system. As for the relation.dat
file and share.dcl file, the custodian for the assignment of
pointers also should be the lead programmer. Applications
programmers do not have to worry about this because they
refer to a data item by dataname. Pointer assignments are
kept in the file pointer.ass, which is cluster specific; the
share.dcl file is the same for every cluster in the system.
Table III shows the two pointer.ass files used in the
demonstration program.

TABLE III
FILE POINTER.ASS

/%
this file keeps the pointer assignments
for shared variables used at cluster 1

unspecEtr ptr3=:8c58:b4;
unspec(mo”ptr)= 8d84'b4;

/*
this file keeps the pointer assignments
for shared variables used at clusg?r 2

unspec(tr_ptr)='8c58 ' b4;
unspec(de”ptr)='8d84 b4,
unspec(mo_ptr)="'8dcd'b4;

In order for processes to be able to really share data
in Shared Memory, it is important that they find shared data
under the same physical address. Under INTEL's policy that
calculates a 20 bit physical address from a segment and an
offset, this implies that user shared data has to be found

in the same segment, the pointer or logical address then is

the offset in this segment.
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In RTC* this is realized in using 800H as a data segment

register value and using sixteen bit pointers for shared
data starting at 8000H. The 1lowest Shared Memory address
therefore is 800H*10H+8000H, which is equal to 8000H+8000H,
or 10000H. The lowest byte of the Ethernet Request Block
resides at the above address.

The segment used by a process is defined in procedure
create proc. It is important that the parameters 4, 7, and
8, i.e. stack segment (SS), data segment (DS), and extra
segment (ES) in the create_proc call are set to 800H when
creating a process. As mentioned by Brewer ,when he
describes user process creation [Ref. 1: p.- 49], some
PL/I-86 routines assume identical contents in the SS, DS,

and ES registers.
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V. CONCLUSION

The goals of this thesis were achieved. The MCORTEX real
time executive is extended to handle multicluster general
inter-process data communication. An appropriate model for
intercluster shared memory 1s implemented by partial
replication of intracluster shared memory. Only PL/I-86
modules were modified or newly added.

The message exchange scheme is kept as flexible as
possible, with the only restriction that the four bytes of
eventcount information have to be put into the first four
bytes of the data field of the Transmit Data Block, and all
related data items have to follow in the sequence given by
the relation table. The driver takes care of this.

Maximum data length in a single message is restricted to
1500 bytes 1in accordance with the Ethernet specification.
This size seems more than adequate for the purpose of RTC*.
If longer messages are needed in the system, a correct data
exchange can be achieved by breaking up the message into
smaller ones relating these to specific eventcounts.

The driver takes care of correct message assembling and

processing, and 1is -- as a special systems module with a
dedicated board -- completely transparent to the
applications programmer and user. The lead programmer will

have to decide how to distribute different applications
modules, and where to store data queues in Shared Memory. He
or she will have to maintain the relation.dat £file and the
pointer.ass file, and also the agreed upon user shared data
in the share.dcl file.

In the current implementation of RTC* the distributivity
of the eventcounts (and with these the distributivity of
data items) have to be set at system initialization. This
restricts the dynamic reconfiguration of the system after
initialization. Future implementations should try to resolve
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this restriction. A possible way might be to exploit the
general broadcast situation of an Ethernet environment. As
only one message can be on the Ethernet at a time, and as
all stations on the net have to 1listen and cannot do
anything else during this time, this situation could be
exploited in the following manner.

Use the eventcount_id as a kind of multicast address. As
there is only one eventcount in any one message this 1is a
unique identification of what information 1is carried in the
message. Every cluster "knows'" what information is needed at
that cluster. 1If the eventcount_ids of related data items
needed at some cluster are put into the group address table
of that cluster's ECCB, then every Ethernet packet that
carries information of interest for this cluster will be
taken in and processed.

It is not necessary to keep the remote address for an
eventcount in Common Memory. The information that an
eventcount 1is distributed or not distributed, meaning a
cluster external copy is needed or not needed, suffices.
This distributivity information can be initialized for the
initial system constellation. On reconfiguration, it could
then be automatically and dynamically changed without having
to shut down and reinitialize the whole system.

After reconfiguration, only those clusters where actual
changes were made broadcast the eventcount_ids of interest
to the cluster. Every other cluster updates its
distributivit 1information for those eventcounts.

There was not enough time for the above described
implementation in this thesis, but future work in this
direction is highly recommended in order to make the total
system more efficient, more robust, more survivable, and
more flexible, requirements that are of utmost importance
especially for military applications.
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APPENDIX A
PROCEDURE MAKE_TABLE

Procedure make_table is the first procedure called by
o the driver. It sets up the relation table in 1local RAM of
M SBC 1 by reading the information from the file,
1} relation.dat.

The relation table is a three level structure that keeps
the eventcount_id (evc_id) and the number of data items
(numdat) related to this eventcount on level two and the
data queue address (point), number of slots in dataqueue
(qlen), number of bytes in item structure (bytes), next slot
to be sent (next_out),and next slot to be received (next_in)
;; on level three.

'fh There are maximum 100 level one entries in the relation

table, because the maximum number of eventcounts at any

;2 cluster in the present implementation is 100. For every
- eventcount a maximum of 10 related data items are possible.
? The driver 1looks up an eventcount_id and finds all
z@ information necessary to either combine data items in the
;ﬁi Transmit Data Block for transmission, or put received data
X items in their respective Shared Memory slots.

,fi Procedure make_table expects the indata evc_id at column
’i: 5, numdat at column 15, point at column 25, qlen at column
i 35, and bytes at column 45 in the relation.dat file.
:g Next-out and next_in are initially 0 and do not have to be
EE read.
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%R R PROCEDURE MAXE TABLE R.Haezer, Dec 198% RN
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*%#% This procedure reads relation values from file RAF
*%¥%¥ RELATION.DAT into the relation table. : %A
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make _table: procedure ;

declare
relation file,
{j,1) fixed din (15),
eof bit(8);:

open file (relation) stream irnput’
i=6;
eof="0 "ba;
do while (eof="7"b4) ;

i=1+1;

/* read data from relation.dat file */

get file (relation) edit(rel tab(i).evc_id,

rel tad’i).numdat)
(column '5),b4(2),column’158),£2));

do j=1 to (rel_tab(i).numdat)’
/* real data for all related items */
get file frelation) edit
(unspec(rel_tab(i).data{j).voint),
rel_tab(i).data!j).alen,
rel tab{(i).data(j).bytes)
(column{(25),b4(4),column(3E),f'4),column(as), f{4:);

maxabytes=max(maxabytes,
rel tab(i).data(j).bytes*rel tab(i).data(j).alen);

eng;
/* 1f sentirel i< reached */
if rel_tab!i).eve 14 = 22 %4 then
dos
eof="1"b4a;
put skip list( “loneest data aqueue at this cluster:”.
maxabytes, = bytes };
ends
end;s
end make_table;
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APPENDIX B
PROCEDURE MAKE MESSAGE

Procedure make message is called by the driver when
there is an Ethernet Request Packet in the Ethernet Request
Block that has not been processed yet.

It checks the ERP for eventcount type, and if the ERP
contains eventcount information, it sets up the data field
of the Transmit Data Block. The eventcount information is
always put into the first four bytes of the data field,
followed by all data items related to this eventcount in the
sequence given by the order of these data items in the
relation table.

Procedure make_message also keeps track of the bytecount
of the total message, an information needed by the ECCB for
transmission.

56




- ol T T Lol A Miate Sal das Sadt gl Mas Bl il Eatt Sl BB Rl Sl i A AL AN A e Aot il an A LAs Kan At e g be i YR B Recale Sal il cal uat and Sed il Al ded Bed Al i GG Sl i et o

T
20 e 5 5 30 oo e e 40 64 i ke oo A 0 g o A o oot o A e 3 o0 %0 0 S0 8 00 XK 30 36 0K 0K K 3K 3K
R 3 el ot e e o e e o 8 o8 4 e 3t e e ek Xete 6 i e e e e e 4 e 38 X 3 00 Ko e e R RCXe RO XX A X
‘:? ek PROCEDURE MAKE MESSAGE R. Haeger, Dec 1933 %%
. FEHER e e e e cm e e e e e o e e e e e e e ot e 2 e e e e o e EE
e *¥# This procedure builds the Transmit Data Block for i
' **¥% 3 message to be transmitted over the Zthernet. s
: o o ek e e ok o0 0 30 e R R R LG e e AC R R e XK %0300 5 A 0 0 X RSN AR S 3 KX A R R R 3
S make _message: procedure ;
.
;5 declare
% jat_ptr pointer,
e dat_vect(15290) bit (8) based (dat_ptr),
R (next _out,r,j) fixed bin (7),
e (off,start,last,k) fixed bin (13)3
N /* check for 2vc */
e if erp_vect(1)=EVC_TYPE then
2 dos
- bytecount=4j;
*:-::: 10 %=1 to 4
S /* put eve info into data field */
o transmit_data_block.data(k)=erp_vectik);
e ends
o /¥ check message
o put sxip list(’::::’,transnit_data_block.data(1).'::’.
A transmit data blecck.data2),”::”,
‘ transmit data dlock. data(3), ::",
TN transmit_data_blocx.data(4), zz::”);
,:\;::: #*/
L r=1;
ey /* fird resvective relation table entry */
N do while ({rel _tabir).evc_id _= erp vect{2)) &
() {(rel_tad(r).evc_id "= “¢27b4));:
i r=r+1;
o end;
5?. /¥ if eve entry */
M if rel tat(r).evc_id "= “237b4 then
9, dos
N /¥ for every related item */
i do i=1 to rel tad{r).numdat;
e start=tytecount + 13 /* find where to put */
N last=rel tab{r).data(j).bytes; /* how long it is ¥/
- bytecount=tytecount + last; /* xeep track ¥/
fowed dat_ptr=rel_tab{r).data{j).vointi /*alien datvect*/
o next _out=rel tadb(r).data(j).next_out;
k- /* compute offset of item in data aueue ¥/
yﬁ; off={rel_tadir).data.j).bytes * next_out) + 13
L, . ”
[ #
" 7
s
g
i
h..-'




S /* compute next slot number to go */

N rel_tab?r).data (}).next _out=mod(next_out + 1,

N rel_tabd(r).data(j).alea);

b do k=0 to (last-1);

oy /* put item’s bytes into data field */

: transmit_31ata_bdlock.data(k-start)=dat_vect!k+off);

DY end;

N end; i
< end?

) /¥ compute total bytecount for message */ .
V) bytecount=bytecount + 143

A end;

< else do3 /* if not evc */
end;

end make_message;
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™ APPENDIX C

PROCEDURE PROCESS_PACKET

o
‘Lf Procedure process_packet is called by the driver when
3T5 there is a newly received message in the Receive Data Block.
} It checks the received data for eventcount type, and if
f&; the message contains eventcount information, it checks if
i: the received remote eventcount value is higher than the
. local value of the respective eventcount. Only if the remote
e value 1is higher than the 1local value, it processes the
o received message. Using the eventcount_id in byte two of the
L= data field, a relation table look up is done and all

v received data items are put into their correct slots in
o
v Shared Memory.
,i% After all data items are placed correctly, the local
.ﬁj copy of the respective eventcount 1is updated by calling
. ADVANCE(EVC).
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i PROCEDURE PRCCESS_PACKET R.Haeger, Dec 1985 #*%=*
-1 - - JR, - o —— - - - —— - XS
*%% This procedure processes received messazes. ¥
*%% 1t tawxes the data from the Receive Data Block ani R

*%% put every item in its correct slot in Shared Memory. *¥*

*¥%% Tt also calls for an update of the evencourt value. **¥
32 3% e e e 2 3 ok 0o o 3K st ke ig e b 0o e s 3 ook e ate e e o sl 3 e e e ie 0 3 3 2002 i 23k 3 ke e RO ok 23K AR e

process_packet: procedure;
DTCLART

evcid bit (8),
local_evc_value bit (16),
(dat_potr,p) pointer,
remote_evc_value bit (18) based {
dat_vect(15¢7) bit (8) based (dat_
(off,ctart,last k) fixed bin (18),
{next_in,r,j) fixed bvin (7);
put skiv list{ ‘receiving’);
/¥ checx for evc */
if receive data_hlock.data(l)=evec_type then
103
p = addr(receive data_tlock.data:3));
evcid=receive data block.data(2);
local evc_value = reai(evcid);
if local_evr_value < remote_evc_value then
d0+
r=13

/% find eve entry in relation table */

do while ((rel_tab(r).evc_id "= evcid) &
(rel_tab{r).evc_id "= “20°b4));
r=r+l1;
end;
if rel tat(r).evc_id "= ‘22 °b4 then
105

byteccunt=4; /% jump over evc info */

10 j=1 to rel_tab(r).numiat:
start=bytecount+1: /% compute start of item */
last=rel_tab(r).data(j).bytes: /* and lenzth */
bytecount=bytecount+last;: /* and item’s end %/
next_in=rel_tab(r).data(j).rext_inj
/* comoute offset in data aueuve */
off=(last*next _in) + 13
/¥ compute next slot rumder to fill */
rel_tad(r).data(}).next_in=modinext _in+1,
rel _tab(r).data(j).alen);




ey TN U WY BB 2 ed (e Lok ok add .ab g ““""“"l-l-'-." ".'!'LI'! '!'!“'.‘I'-”'!-.!l!l'lll'lﬁ

dat_ptr=rel_tab(r).data(j).point? /* align datvect*/

do k=9 to (last-1);

/* put item bytes iato data queue */ .
dat_vect(k+off)=receive _data_block.data(k+start);

end;
end;
end;
/* update local evc value */
do while {local_evc_value < remote_evc_value):

call advance (evcid);
local_evc_value = add2biti16(local_evc_value, 2081 °%4);

end
ends
/¥ if not evc */

else do;
erd?

call d1isable_cpu_interruots:

eni;

end process_packet;
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APPENDIX D
THE DRIVER

The driver is the software 1link between a cluster and
the ECCB that hooks up a cluster onto the Ethernet. It
manages all cluster external message exchange (transmission
and reception), and sets up the clusters communication
ability in the first place.

The driver resides in the user area of SBC 1, which is
dedicated to serve as the cluster's host. The executable
file names are C1PROC.CMD and C2PROC.CMD for the two cluster
constellation of RTC* in the AEGIS 1lab at the US Naval
Postgraduate School.

The LINK86 Input option is used to link files sysinitl,
sysdev, asmrout, and gatemod into ClPROC. Sysinit2, sysdev,
asmrout, and gatemod are linked into C2PROC.

Cluster specific information about the creation and
distribution of eventcounts is contributed by sysinitl and
sysinit2 respectively, which are the main procedures for the
linkage. Additional cluster specific information is read
from the address.dat file and the relation.dat file during
execution at runtime. The %included files sysdef.pli and
NI3010.dcl provide system-wide information.
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40 00 330 30 00 30 3 54034 56 3 3 3¢ X 3¢ 3¢ e e 30k e e 5 3 e e o e e e ek 3 a8 2B 40 e N e e e A e A e R e e 4 3 30 e e e 3
ok C1PROC.INP file e
HEIETE e e o o 2 e e 2 e e e e e 2 e e —— P -3 ]
*#% Phis file is used to link system initialization, WA
%% driver, assembly languaege routines, and zatemodule kX
*%% jnto C1PROC.CMD, the executable file run on SBC 1 at **x

%% cluster 1. FAA
s a0 s a3 o s fe ot Sl s sl ok e 3 e s sl s o ok s s e afe s ok o K ¢ el 3 o 3 o 3 3 o ok e e ik o o 3 3 e 30 e 3 k3 o o o KK 3K

clproc =

sysinitl [code[ab(439]),datalab[82@]1,m([@]),ad[82])],mavlalll],
sysdev,

asmrout,

2zatemod

34 34 30 4 820 40 40 a3 40 X0 34 40 S 30 ok 4R 40 X0 40 o AR Ao 40 4o 30 XA 3 5k ok a0 3 e 4 3503k 36 e 3 3 3% 3 A e ke e e ok e ke
35 e e 4 3 240 40 4 5o e Aok 3 4 e e e e e e 3 ke a2 e e e 60 <le 38 e e o X 3 e e e e e K 3 3 3 K¢ e e AR K ENE B K 5

Aol Cluster 1 RELATION.DAT file xR
HEHE N e - — B - = s o e s e e e £33
%% This file keevs the data used to build the relation **x*
*%% table: e
e e
**¥%  evc_id numdat voint alen bytes WA
3Rk kR
k%% col col col col col e
xR 5 13 25 35 45 e

3023 e e s o e e e e 6 ok i st st e s s o ik ko e ofe ke o e ke s ok st e o ot ol ol e o e ke o o e o stk e s ot e e o ek e e

21 1 8c58 52 6
23 1 gde4 50 9
2o @ 2000 53] 2

%o 2 X6 20 3k 3 Ae X ARk A R SR 3R o0 PR ok e o e e e 3k sk ok o 3jg ok el ol e 3R 3k 3K 3 3 e e e e e e e e e e ek e AR e ok
e 2 Xe 3¢ 3¢ e e e e 3 4k K¢ 48 %3l e % Ao 2 3 3¢ e 354 3¢ o aje e e B e A Xe e A X e Xe K 3k e e e e e 33 %46 Ao e Re 33 R KK XA AKX K

A% Cluster 1 ADDRESS.DAT file Gk
L3 - S, - R - ——— - SRR A
%% This file keeps the number of eroup addresses, W

*%* the cluster”s zrouv address{es) and the cluster’s R
*%% source aiddress. %k

e 2 i X2 o8 o 3 30 33 80 X e e i e ofe i e ol o K 3 s ok 3 3 e ok o e s 3 3k 35 38 A2 3 o e 3 503k 3 A 40450 R 4 4 R K A R ¢
1

‘egeeede? v, ‘ecreceel’,
‘02000703 b, "20203021° b
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- Aok SYSINIT1.PLI file ok
e R e e e e e - o e e e e o e o e e R
! %% This is the system initialization procedure for ot
Ax *%¥% cluster 1. . e
b s ol sl sl ot s i i o s s e e oo st e s s s s A e e s e sele e e s o s e e s ke e e e s o e e
gn sysinitl: proc options (rain):
N ¥include ‘sysdef.pli”;
N ¥replace
- EVC_TYPE by ‘00 bai
R .
K-, /* main */
e call define_cluster (°¢261°ba);
o /*¥ must be called prior to creating evc’s */
- JFEEX US TR HERL/
'gv call create_evc (TRACK_IN);
o call create_evc (TRACK_OUT);
call create_eve (MISSILE_ORDER_IN);
call create_evc (MISSILE_ORDEE_OUT);
/%% SYSTIM *¥x/
o call create _evc (FRB_RE4D);
N call create_evc (%RE_WRITE);
1 call create_sea (ERB_WRITE_REQUEST);
S /% distrib. map called after eventcounts have
) been created */
o call distributicn map (EVC_TYPE, TIACK IN, '0023°b4);
LA /¥ local and remote copy of TRACK_IN needed */
= call distributicn _map (EVC _TYPZ, MISSILE ORDER OUT,
& ‘203 °v4);
by /* local and remote copy of MISSILE_ORDER_CUT
needed */
/* create driver */ i
call create_proc { fc b4, ‘80°b4,
1 ‘26a5 ‘b4, ‘0RCQ b4, “2¢5f ta,
‘0439 b4, ‘QF23°b4, “P£A2°b4);
o call await (“fe’b4, 01 b4);
B
K- end sysinitl;
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XXk C2PROC.INP file xR
BRH e mom e e e e e e e e e — ———
%% This file is used to link system initializatio, wHK

%% driver, assembly language routines, and gatemodule RRH
*%*% jnto C2PROC.CMD, the executable file run on SBC 1 at *x=

**% cluster 2. RexR
e e 3k e e st o ¥ 33k e e fe 31 Xe 2% e e 3¢ e i Xk o e %K Xe e 33 e o 3K 23 i 20 %2 3 B 3% 3% K Sie o S 3K 3% %0 K 2% K e K¢ 34¢ e Sk Aok e e o

c2proc =

sysinit2 [code[ab[43¢]].datalab[802],m[@],ad(22]],map(alll],
sysdev,

asmrout,

gatemod

e 3% e 3k %030 30 32 20 3 Sk SR 0 R A kg 33 e e e e ik e Re e s e AR ek R e ok e He e o A8 30 AR K0 R A AR AR IR AR K
stk e sl e fie stz aje slesiale siesle 3o sheale sk Sl e leae i s e dle e e Nje viz 3k sje e Feofe dix e e iz sie e e e e s e de e 3z Ae K6 KR 328 Re Kk R e 3¢

ol Cluster 2 RELATION.DAT file Fx
%% This file keeps the data used to build the relation %%
k%% table: R
Rese ok 3
*¥% eve_id aumdat point alen bytes o
ek £33
FAK col col col col col HHK
ks 5 15 25 35 45 AR
30 34 e e e s e 3¢ e e 3k 3 o e i X 3 4 473 40 e ke e K e o 3 XK 2 36 Xk o 4 U 34 2 e 40 e X R 48 e X e o RO KK R 3

21 1 8c58 £2 6

25 1 8484 29 3

73 1 8dcd 52 9

23 2 2202 29 2

%A fe o Al e e e sl e e sk e s e ste ale e s e e e e e sl e e e s ok Mok Mk el e e e s e e e e e e e K e sk ook e Ne e A B ek
3 3 2 %2 A0 30 X X2 AR X2 e 434K 312 206 3% A o XX e 3K e A A ¢ 3K X 38 3 HEHE € A8 3 20 30 e % Ao A0 A A A Ao R AENE NE RO R KRN KKK

R Cluster 2 ADDRESS.DAT file ¥R
E(3 -2 (S, S o e s e e et . S i e e e o e o S e o i o P e qedg e
#¥¥% This file keeps the number of group addresses, R
*%% the cluster’s zrouv address(es),and the cluster’s #Ex
#%% gource address. Lok

e 24 3 36 3% 3 X6 3 XK A XA %2 3% 3K A0 32 2 %A e 3K e e A e o X AeAe Ae 3 AKX N AR He R e N A R 100 3R AE e Ae e REREKE A e
1

‘23000020°b, “00000710" b,
‘QeBC0300 b, COC2OCLE D
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i 2 e e i s e ol st e ke o 3 e 3 e o o e ek kR o ¢ s e ok sl ol abe e afe o ool s sieale e ok 3 o s o e e e e 3K 2K K

A Xk SYSINIT2.PLI file AR
RN e e — oo e e e — — —— —— ———— e — FEHE 32
#%% This is the system initialization procedure for FIRR
*%x% cluster 2. R

i 3 e e e 3 e e e ke e s i o et e o i o ek e 3 ok e 3K o o 3k 3R 3 e o 3 o e 4 e o e e e o 48 o ke e 35 3 30 e Xk K K

sysinit2: oroc options (main);
Zinclude “sysdef.pli”’:
Zreplace

EVC_TYPE by ‘22 b4:
/¥ main */

call define cluster (°0002°b4); /* must be called prior
to creating evc’s ¥/

J¥%¥x [JSER *¥*%¥/

call create_evc (TRACK_IN);

call create _evc (TEACK_OUT);

call create_evc (MISSILE_ORDER_IN);
call create e2vc (MISSILE _CRDER_CUT);
call create_evc (DELTA_IN);

call create eve (DELTA_QUT):

/¥%% SYSTEM %%/

call create_evc (ERB_READ):
call create_evc (ERB_WRITE);
call create sea (ERB_WRITE_REQUZST):

/¥ 1istrib. map called after eventcounts have
been created */

call distribution_map (EVC_TYPE, TRACK OUT, “0023°b4);
/* local and remote copy of TRACK_IN needed */
call distribution_map (EVC_TYPE, MISSILE_ORDER_IN,
‘3003°b4);
/* local ani remote ropy of MISSILE_CRDER_IN needed */
call create_vroc (“fc’ba, "87"bv4,
‘2fa5"b4, ‘02202 °v4, “27€b b4,
‘9439°b4, 2800 b4, ‘0820 v4);
call await (“fe’b4, “¢1°p4);

125

end sysini
e vz ¢ 342 e ik 02 2 e 3 iz e 2 e s ofe sk 2k 3¢ i 3 e e 3 %0 ok K 39l e K o4 o 3 e 2 3ie e e o e ke e s e v e sk e e e e 3K e
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/*¥* SYSDEF FILE SYSDEF.PLI David J. BEEWER 1 SEP 84 **/

Rt e F Y

/*% This section of code is given as a PLI file to be
/%% FINCLUDE’d with MCORTEX user proerams. ENTRY

/*% Adeclarations are made for all available MCORTEX
/*% functions.

®3% /

/ISR R ke e 3 Bl ool e e ofe b e e et e e A e e sk ke 30 e 4 AR AR A RO R e SRR KK A KK S
%% 3 e e Ao e e e e e e e e ofe dfe e ve e Ko e e e 3qg 3 sk e e Kok 4 A XA A e A ok ook N e sk e e e g KRR AN /

DECLARE

advance ENTRY (BIT (8)),
* advance (event_count_id) */

await ENTrY (BIT (8), BIT (16)),
/¥ await (eveat_count_id, awaited_value) */

create_evc ENTRY (BIT (8)).
/* create_evc (event_count_id) */

create_proc ENTRY (BIT (8), BIT (8),
3IT (16), BIT (16), BIT (16),

BIT (16), BIT (16), BIT (16)),

/* create_proc [(processor_id, processor_priority.%/

/% stack vointer_highest, stack_sesz,
/% code_seg, data_seg, extra_seg)

create_seaq ENTRY (BIT (3)),
/* create_sea (sequence_id) */

preempt ENTRY (RBIT {(8)),
/¥ preempt (processor_id) */

read ENTRY (BIT (8)) RETURNS (BIT (16)),
/* read (event_count _id) */
/* RETURNS current_event _count */

ticket ENTRY (BIT (8)) RTTURNS (BIT (18)),
/* ticket (seaquence_i4) */
/* RITURNS unioue_ticket value */

lefine cluster ENTRY (bit ‘16)),

/* define_cluster (local cluster_address) */

ip */

*/

distribution_mavp ENTRY (bit (8), bit (8), bit (16)),

/¥ distribution_map (distridbution_type, id,
cluster _addr) ®/
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S0

,-""-

g
i ;
SN |
A add2bitl6 ENTRY (BIT(16), BIT(16)) RETURNS (BIT (16));
s /* add2bit16 ( a_16bit_#, another_16bit_#) */
b1s7 /* RETURNS a_16bit_# + another 16bit _# */
P

'fjlzi;i %replace ’ :
L Je—— ——— e e e
e *kx  EYCSID s *%x

)

o (1) USER */

- TRACK _IN by ‘91°ba,

o TRACK_OUT by ‘02 b4,

o MISSILE_ORDER_IN by ‘@3°b4,

MISSILE_ORDER _OUT by “#4°b4,

oD DELTA _IN by ‘05 b4,

e DELTA_OUT by ‘@6°b4,

o /* (2) SYSTEM */

o ERB_READ by “fc’b4,

S ERB_WRITE by ‘fd’ b4,
! /% — ———— _— - -

o *¥%¥%  SEQUENCER NAMES  *%x
L (1) USER %/

0, ~
e /% (2) SYSTEM */

XN

" ERE_WRITE RFEQUEST by “£f°b4,
P [ Fmm e ————— - ——————

L #%% SHARED VARIABLY POINTERS %%

0 (1) USER %/
e /% (2) SYSTEM =/
-T.;ZEZ; block_vtr_value by ‘8000 b4,

. xmit_ptr_value by ‘878 b4,
rcv_ptr_value by “8666 b4,
o END_RESFRVE by ‘FFPF’b4;
g‘ e %0 30 3¢ e e 46 e 23634 3 e 3e e 2 3 3 2 5 3 ek 348 3¢ 30 e abe e 48 30 e 46 ok 3k o 3t 3 X 38R o ok 3 4 o e e 3 e s o 3 e o i o 8¢ e 3
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oY
s
.4
o
Ly oy st e fc e e e e e o e s o s e e e el o oo oo sk s e e g oK e e ook i e e o e ook o e e e e g e oK
\ st e e e Xede e s e 6 e e st e et e okt i o e e e e e e e e ok ok e il i e el e sl s ek o i o e ke o
SR ek NI3012.DCL file e A%
:Q& s e o ae b e e el e e e e 8 e o e e e ok e e a e ke e e okl 3 e e e e 3 e 26 e B ook o S A X A A oK
4 .I,
: R Zreplace
S /* I/0 vort addresses
,ﬁﬁ; These values are specific to the use of the INTERLAN
'73‘ NI3@1¢? MULTIBUS to ETHERNET interface board. Any change
. to the I/0 port address of “0@b@° hex (done so with a DIP
::g. switch) will reauire a change to these addresses to
SN reflect that change.
* /
han command _register by ‘b2 b4,
s command_status_register ty ‘bl b4,
S transmit_data register by “b2°b4,
A interruot_status_reg by ‘b57b4,
o interrupt_enable_register by “b& b4,
e hizh_dyte_rount_res by “bc b4,
CE low_byte count rez by “bd “b4,
OGN
s /* end of I/0 port addresses */
N
ol /¥ Interruvpt enable status register values */
32 1isable _ni30@1@_interrupts by ‘00 b4,
‘ ni3¢12 intrpts_disabled by ‘0C b4,
0N receive_block_availabdle by ‘04°b4,
B transmit_ima_done by ‘06 b4,
. receive_dma_done by @7 b4,
L /* end register values */
o, /¥ Command Function Codes */
L .
NN module interface loopback by ‘21°b4,
o internal_loopback by ‘@2 7b4,
e clear_loopback by ‘23°bv4,
L gzo_offline by ‘28 b4,
O go_online by “@9°v4,
b onboard_diagrostic by ‘@a’v4,
s clr_insert_source by ‘2e’b4,
e load transmit_data by “237b4,
Tats load_and_send by ‘2971v4,
it l0ad_zroup_addresses by “2a’b4,
N reset by “3f°b4;
ey
Py /* end Commanrd Function Codes */
:: W % % e e o0 o0 e e afeole e 3¢ e 3l 4z 32 2k e oje 3k e ofk e e e 3¢ e e sl e Xe Kk 3 3 3 A e e e A e A2 e A Be A AR e B2 HeR e KK KK K
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sysdev: procedure)

/* Date: 25 NOVEMBER 1985

AT T
4ot e et e

Programmer: Reinhard HAEGER

TN M

Moduvle Function: To serve as the Ethernet Communication
) Controller Board (NI3@1@) device

- handler (driver). This process is
scheduled under MCORTEX and consumes
Tthernet Requests Packets (ZRP)
generated by the SYSTEMSIO routine in
LEVELZ2.SRC.

It creates a relation table that keeps
information about the interrelationship
between eventeounts and user shared
1ata, and uses this information for
producing and processing Ethernet

o messagzes.

i Y D) '\‘J"n.'

e
L
,4'\1

| @S

Ny

This driver is the version vprovided by David ZRBrewer
modified in order to ensure system-wide data sharing.
o The Transmit _Data_Block and the Receive_pata_Rlock were
! changed to keep 1500 bytes of data.

5 New procedures Make_Table and Make_Messaze were addeq,
1 and procedure Process_Packet was compoletely changed to
' provide cluster external user shared data exchange.

!‘ Procedure Transmit_Packet was modified to provide

X flexible exact message length to the ECCB if the length

.
l.‘
s

N i{s greater thar 67 bytes, and minimum message lenazta if
) the message is €2 bytes or less.
'?; %
e /
N
L.
;%ﬁ ¥replace
S
& evc_type by ‘20 b4,
5 erb_block_len by 2¢,
[ erb_bdblock_len mil by 19,
- infinity by 32767;
i

--'.-
'
' &

*include “sysdef.pli”:




k. DECLARE

i 1 erbd(@:erdb_bdblock_len_ml) based (block_ptr),
>, 2 command bit (8),
ki 2 type_name bit (8),

: 2 name_value bit (16),

N 2 remote_addr bit (16),

Y

-2 1 transmit_data_block based (xmit_ptr),
o 2 destination_address_a bit (8) ,
% 2 destination address_ b  bit (s),
N 2 destination_address_c  bit (8),
> 2 destination address_ d  bit (8),
(- 2 destination_address e bit (8) ,
Kj 2 destination_address_f  bit (8) ,
K4 2 source_address_a bit (8) ,
- 2 source_address_b bit (8),
§ 2 source_address_c bit (8),
7 2 source_address 4 bit (8),
- 2 source_address_e bit (&) ,
- 2 source_address_¢? bit (8) ,
b 2 type_field a bit (8) ,
P 2 type_field b bit (8),
. 2 lata (150¢) bit (%),
hro

N 1 receive_data_block based (rcv_ptr),

’ 2 frame _status bit (8),
" 2 null bdyte bit (8) ,
- 2 frame_length_1lsb pit (8) ,
o 2 frame _length msb it (8) ,
" 2 destination_address_a tit (8) ,
N 2 destination_address_b bdit (8) ,

2 destination_address_c  tit (8) ,
Ay 2 destination_address_d  bit (8) ,
D 2 destination_address_e bit (8) ,
o 2 destination_address_f  bit (8) ,
[ 2 source_address_a bit (8) ,
) 2 source_address b bit (8) ,
2 source_address ¢ bit (8) ,

1o 2 source_address 4 pit (8) ,
M 2 source_address_e bit (g) ,
o 2 source_address _f bit (8) ,
i 2 type field a bit (8) ,
- 2 type _field b bpit (8) ,
4 2 4ata(1500) bit (8) ,
5 2 crc_msb bit (8) ,
- 2 crc_uvper_middle_byte pit (8) ,
o 2 crc_lower _middle_byte bit (8) ,
- 2 crc_1sb bit (8) ,
s
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.
g
b+
L

o e ptr pointer,

a0 erp vect(4) bit (2) vased (e_ptr),

- (maxqbytes,bytecount) fixed bin (15),

L)
: 1 rel_tab(1090),

AR 2 evc_id bit (8),

-~ 2 numdat fixed bdin (7),

‘.':":' 2 data(IZ)o

o 3 point pointer,
P 3 alen fixed bin (7),

) 3 bytes fixed bin (13),

S 3 next_out fixed din (7),

el 3 next_in fixed bin (7),

iﬁ' (xmit_vtr, rcv_ptr,block_ptr) pointer,
» index fixed bin (15),

(addr e, addr_f) dit (8), .

e address file,
E copy_ie_register bit (8),
" (cluster_addr,erd_write value,i) bit (16),
}H (j,k) fixed bin (195),
a2 reg_value bit (8) ,

. write io_port entry (bit (8), bit (8)),
,f; read_io_port entry (bit (8), bit (8)),
‘&3 initialize _cpu_interrupts entry,
:;} ena®le _cpu_interrunts entry,
S disable cpu_interrupts entry,
s write bar erntry (bit(16));

~n /* erd declaration ¥/

AN
Py
5 %replace

C) /* <codes soecific to the Intel 8259a Proszrammatbtle
ooy Interrupt Controller (PIC) */
R
;ﬂQ‘ icwl _port_address by “c? b4,
oo /* note that */ icw2_vort_address by ‘c2°t4,
5 /* icw2,icws,*/ 1icw4_port_address by ‘c2'b4,
. /* and ocw */ ocw_port_address by ‘c2 bha,
o /* use same. */
e /* port adir */
T /* note: icw ==)> initialization
control
word

operational
command
word

ocw




vy P P T R g T R TP P TR LYW VT VW W TR TN AT NN

P !
o= ‘
T
IS icwl by ‘13 ba,
Eﬁ /* single PIC configuration, edge
o trizeered input */
(L

| icw2 ) by ‘49 b4,
s

e /* most significant bits of vectorinz
e byte: for an interrupt 5,
o the effective address will be
’ ' (icw2 + interrupt #) * 4 which
e will be (4@ hex + 5) * 4 = 114 hex
- */
>
i§§ icws by “0f ‘b4,
N

/* automatic end of interrupt

» and bduffered mode/master */

Y ocwl by ‘8f b4;
N /* unmask interrupt 4 (dit 4), ®/
° /¥ interrupt 5 (bit 5), and %/
26 /* interrupt 6 (bit 6), mask all others */
:;3 /% end R82539a codes */
*.::

.N

/* include constants specific to the NI3Q12

- board */
- Zinclude “ni3@1¢.dcl’;
": /******************************** ******************#*******/
D
¥ /¥ Main Body */
L /* check message

i put skivn(2) list(’starting make_tadle’); */

O
5 call make_tatle;

e /¥ check message
'iﬁ put skip{2) list(’make_table done” )i */

]

e call write_io_port(interrupt_enabdble_register,
ek disable ni32¢12 interrupts);
N call initialize_pic:
y call initialize_cou_interruptss
= call read io_port (command_statns_register,reg_value);}
Yol call perform_command (reset);

Y

L
:: &
5
.
"
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call proeram_group_addresses;
/* assignments to the source and destination address
fields that will not change */

call perform_command (clr_insert_source);
/* N1301¢ performance is enhanced in this mode */

unspec (block_ptr) = block_ptr_valne;
unspec(recv_ptr) = rcv_ptr_value;
unspec(xmit_ptr) = xmit_ptr_value;

/* make one time assignments to transmit data block */

‘23 b4

transmit_data_block.destination_address_a
‘32 ‘b4;

transmit_data_block.destination_address_b
transmit_data_block.destination_address c ‘23 "b4;
transmit_data_block.destination_address_q4 “2¢°b4s
transmit_cdata_block.source_address_a ‘03 °b4;
transmit_data_block.source_address_b ‘00 b4
transmit_data block.source_address c ‘0 bv4;
transmit_data_block.source_address 4 ‘00 ‘b4;

nwn u

/¥ get the local cluster address - file was
opened in proc program_group_addresses */

get file (address) list (addr_e, addr_f

transmit_data_block.source_address e

)3
- _ addr
transmit_data_block.source_address f addr

0wl

-e we

f

cluster_addr = addr_ e || addr_f;

put skip (2) edit (7*** CLUSTER “,cluster_addr,
“ Initialization Complete *%**7)
(col(15),a,b4(4).a)3

i = 72021 b4,

call perform_command (go_online);

/% at this pcint copy_ie_ree = EBA , but
ie_reg on NI3212 is actually disabled */

call dAisable_cpu interruptsy

do k =1 to infinity;
/* note: interruot not allowed during a
call to MCCETEX primitive */

erb_write_value = read(ERB_WRITE);
/¥ In the MXTRACE version of the RTOS
all primitive calls clear and
set interruvts (diaenostic messaaze
routines), so the NI321d interrupts
must be disabled on entry to MXTRACE */
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s do while (erb_write value < i);

o /* busy waiting */

) erb_write_value = read(ERB_WRITE);

- copy_ie_register=receive_block_availabdle;

call write io_portiinterrupt_enable_register,
receive_block_availabdle);
LA call enatle_cpu_interrupts;
/¥ if a packet has beer received,this

2 is when an interrupt may occur - can
) see that outbound packets are always
: favored. *
2 do j =1 to 1220;
) /¥ interrupt window for packets received */
M end; /* do j */
- call disable_cou_interrupts:
o if (cooy_ie_register = receive_dma_done; then
dos
" /* receive DMA operation started, so lat
X~ finish., */
- call enable_cpu_interruptss
10 while (copy_ie_register = receive_dma_31one);
ends
call disable_cpu_interrupts;
v end; /* ify %/
- copy_ie_reeister = disatle_ni3@10 _interrupts:
N call write_io _port(interrupt_enable_register,
- disable_ni321¢ interrupts):
2 end$ /% dusy */

/* ERB has an ERP in it, so process it */
/* no external interrupts (RBA) until

the ERP is consumed and the packet
" gets sent */
i index = mod{((fixed(i) - 1), erb_dlock_len);
/¥ 32k limit */

transmit_data_bdlock.destination_address_e=
- substr{erb(index).remote_addr, 1,8);
transmit_data_bdlock.destiration address_f=

substr(erb(index).remote_addr, 3.8);

- /* put overlay over EXP */

b e _vtr=addr(erb{irdex).command);

W call make_messagej

& call advarce (E3B_READ):

q /% caution here 11!

: an ADVANCE will result in a call to VP$SCHEDULER,
v which will set CPU interrupts on exit.

- It°s the reason NI3212 interrupts are disadled

- first in the Do While loop above., */
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/* packet ready to g0, so send it */
call transmit_packet (bytecount);

/* covoy ie register=RBA, but not actual register */
call disabdle _cpu_interrupts;

/* settine uvo for next ERP consumntion */ 1
i = add2bviti6(i, “2001°v4);

end; /* 30 forever */ )
/* end main body */

/% 6 36 e 35 30 3 A2 36 e 2je e 36 A e e 300 40 e MR 4e 40 e 2 A2 MR e e e A e Re e He e A A R A A KR A AR K /

make_tatle: procedure ;

declare
relation file,
(j,i) fixed bvin (15),
eo? bit(8);

oven file (relatior) stream input;
1=25%
s0f="0"b4;
do while (eof="2"b4) ;
i=t+13
/* read data from relation.dat file */
get file (relation) edit(rel_tabii).evc_id,
rel_tat‘i).numdat)
(column(5),b4(2),column{(15),f:2)); 1
do j=1 to (rel tabd(i).numiat);
/* real data for all related items */
zet file (relation) edit
(unspec(rel tab(i).data(j).point),
rel tab(i)-data()).alen,
rel tab(i).data(j).bytes)
(column(25),b4(4),column(38),f(4),columni{45),.f(4));
maxgbytes=max (maxabytes,
rel tabt(i).lata(j).bytes*rel_tabd(i).data(j).alern);
end;
/* if sentinel is reached */
if rel_tab(i).evc_id = “@¢°ba then
dos
eof="1"b4;
put skip list(“longest data aueue at this cluster:’,
maxabytes, " bytes’):
end;
and;
end make tabdle;

/% e e e e e oo o e e e e e e e e e e el ol Al s e sl e e e R g e e e e ek e Ne ek R e ek f
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make_message: procedure

<

;f declare

2 dat_ptr pointer,

- dat_vect(1509) bit (8) bvased (dat_ptr),
. (next_out,r,3) fixed bin (7}, -
- (off,start,last,k) fixed vin (15);

/* check for 2vc */
if erp_vect(1)=EVC_TYPE then
dos
bytecount=4;
W do k=1 to 4:
D /* put evc info into data field 3/
; transmit_data_bdlock.data(k)=erp vect(k)’
s end;

4 /¥ check message
-~ put skip list(’::::",transmit data_bdlock.data(l), ::”,

transmit_data_block.data(2), :: ",

transmit_data_block.data(3), "::”
. transmit _data_block.data(4), ::::7);
(] */
‘ r=1;

/* find respective relation table entry */
do while ((rel_tab(r).evc_id "= erp vect(2)) &
(rel_tabv(r).eve id "= ‘23°b4));

r=r+1;
end;

/* i1f evc entry ¥/
if rel_tab(r).evc_id "= ‘@2 b4 then
dos
" /* for every related item */
10 J=1 to rel_tab{r).numdat;

start=bytecount + 13} /¥ find where to put */
last=rel_tad(r).data(j).bytes; /* how lonzg it is */
bytecount=bytecount + last; /* keep track */
dat_ptr=rel_tabfr).data(j).pointi /®aligr datvect*/
next_out=rel tab(r).data(}!).next_out;

/* comvoute offset of item in data queue */
off=(rel _tab(r).data(j).bytes * next_cut) + 13

/* compute next slot number to 2o */
rel_tab(r).data{j).next _out=modinext_out + 1,

rel_tab(r).data(j).alen):

» AN
ra AP P

e (
LR

\ do k=@ to (last-1';

L /* put item’s bytes into data field */

. transmit_data_bdlock.data(k+start)=dat_vect(k+off);
end;

end s

end;
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AN /¥ compute total bytecount for messaze */
o bytecount=bytecount + 14;
oY ~3 end;
! ] else do;i  /* if rot evc ¥/
Rl end;
- end make_messages
SN /AR el el e ok el et e e s ook e 3 e e e ol et s el e e e SR e R sk AR K )
T
o initialize _pic: procedure? |
)
o DECLARE
AN write io_vort entry (bit (8) , bit(8)):
3& call write _1o_vort (icwl port_address,icwl);
o call write io_port (icw2 port_address,icw2);
o call write_io_vort (icw4_port_address,icw4):

call write io_port (ocw_port_address, ocwl)'
o end initialize_pici
‘:E, /********#*m******* s 3lesie % A sk sle ol sl e sie e slesie e Sl sheske e sfe sl e sleje e ok *************/
s perform_command: procedure (command);
Vol
i DECLARE
i:r command bit (8)
o reg _value bit (85 ' i
o srf bit (8) ,

write_io_port entry (bit (8) , bit (8) ),
&5 read_io_port eatry (bit (8) , bdit (8) ); .
v SPf = ‘0 b4;
(- call write_io_vort {commani_resister,command);
‘oea do while ((srf & “21°bv4) = ‘@2°b4);
0O call read _io_port (interruot_status_reg, srf);
ool end; /* do while */
e call read _io_port (command status_register, ree value):
2 if (rez_value > “21°b4) then
0 do:
ol /¥ not (SUCCESS or SUCCESS with Retries) */
(] put skip edit (’*%» FTIFRNET Board Failure ***’)
N (col(z2?),a)s
- /* when this occurs, run the diacnostic
A routine T3918/Cx, where x is the
. current cluster number */
i stovo:
b eads /* itd */
P end perform_command;
‘;:Z-'j: /%03 e o o e e e R e A e e R e R o o e e A o ek SRR e e o e o Sk sk R e sl e e ek /
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N transmit_packet: procedure (byte_count) external;
Bk
N DECLARE
ol P peinter,
) byte count fixed bim (15) ,
A bytevector(2) bit (8) based (p),
5! srf bit (38) ,
2% rez_value bit (8) ,
,23 write_io_port entry (bit (8), bit (&) ),
DLl read_io_port entry (bit (38), bit (8) ),
) enable_cpu_interrupts entry,
LGRS disable_cpu_interrupts entry,

7

write_bar entry (bit(16)):

s

“ﬂ /¥ bezin */
" srf = "@ bey
3P call write_bdar (xmit_ptr_value);
Eﬁ /* if messasze lonzer than minimum size */
- if (byte_count > 6@) then
A dos
@
N p=addr{byte_count);
150
1Yy
D /* call with exact bytecount */
e call write_io_port(high_byte_count rez,bdytevector(2)):;
o call write_io_port(low_byte count_regz,bytevector(l));
. end;
%i{ /* 1f messaze is not loneer than minimum size */
fIg else do;
- /* call with minimum bytecount of 6¢ */
K- call write_io_port{high_bdbyte_couvnt_rez, "3 "b4);
®) call write_io port{low_byte_count_res, 3c b4);
e end;
B ‘: .?
oo cooy_ie_register = transmit_dma_done;
“ﬁ: call write_ic_port(interrupt_enable_register,
K- 4 transmit _dma_done):
™ call enable_cpu_interrupts:
'f; 1o while (copy_ie_register = transmit _4dma_done);
o end; /* loop until the interrupt hardler

by takes care of the TDD interrupt -
AN it sets copy _le_register = 3IBA */
o call perform _command (Ioad_and send);

- put skip list(“transmitting’);
end transmit_packet;

:".: /*************************#********************************/
ht]
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HL _interrupt_handler: procedure external;

/* This routine is called from the low level
8286 assembly language interrupt routine */

DECLARE
i write_io_port entry (bit (8), bit (8) ),
o read_io_vport entry (tit (&) , bit (8) ),
-\ eqable_Cyu_interrupts entry,

\ disable_cpu_interruots entry,
S write_bar entry (bit(16));

/% begin x/

call write_io_vort(interrupt_erable_register,
¢ disable_ni3#10 _interrupts);

if (copy_ie_register = receive _block_available) then

{ dos
W call write bar irev_ptr_value); ]
e call write io _port(high byte count reg, “25°v4);

call write _io_port(low byte count_res, "f2°b4);
L /> initiate receive DMA */

copy ie register = receive dma dore;
. call write io_vort(interrudot_enable_register,

receive_dma_done);

end; /¥ do */

[ else

~ if (ccpy_ ie_register = receive _dma_done) then
et dos

N call process_pacxet:

o copy_le_register = receive block_availablej

N call write io port{irterrupt _enable rezister,
45 receive_block_available);
i ends /* if then do */

3 else

v, if (copy_ie_register = transmit_dma_dore) then
ﬁ dos

-

e copy ie_register = receive block available;

9 /% NI321¢ interruots disabled on entry */
b ends /* 1f then do */

ﬂ end HL {irterrupt_handler;

Ao
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process_packet: procedure;
DECLARE

evcii vit (g),
local_evc_value bit (16),
(dat_ptr,p) vpointer,
remote_evc_value bit (16) based (p),
dat_vect!{1509) bit (8) bvased {dat_ptr),
(off,start,last,k) fixed bin (15),
(next_in,r,j) fixed tia (7);
put skip list(’receiving’);
/* check for evc ¥/
if receive_data_block.data(l)=evc_type then
dos
p = addr(receive data_bdlock.data(3)):
evcid=receive data block.data{2);
local_evc_value = read(eveid);
if local_evc_value < remote_evc value then
io}%
r=1;

/* find eve entry in relation tatle */
do while ((rel_tab(r).evc_id = evcid) &
(rel tab{r).evc_id "= “52Z7v4));
r=r+l;
ends
{f rel_tab(r).evc_id "= “22°b4 then
dos
bytecount=4; /* jump over evc info */

de j=1 to rel_tablr).numiat;

start=bytecount+1; /¥ compute start of item
last=rel tab(r).data{j).bytesi /% and leazth
byteccunt=bytecount+lasti /* and item’s end
next_in=rel_tabir).data(ji).next_in;

/* compute offset i2 data aueue */
off=(last*next_in) + 1;

/* compute next slot numder to fill */
rel_tabir).datalj).next_in=mod ‘next_in+1,

% 3 3t
SN

’

rel tabdb(r).data(j).alen);

" e

dat_otr=rel_tablr).data(j).points /* alizn datvect®/

o0 k=2 to (last-1);

/¥ put item bdytes into data aueue */

dat_vect{k+off)=receive_data_bdlock.data'k+start);

end:
enis
end»
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/* update local evc value */
do while (local _evc_value < remote_evc_value);

call aivance (evcid);

’
local evc_value = add2bitl6(local_evc_value, "?2217b4);

end;
end;

else do;’ /¥ if not evc */
ends

call disable_cou_interruptss
eni;

end process_packets

/**********#*********************************************** /

orozram_group_addresses: procedure;

CECLARE

1 zroup_addr(42) based (&roup_ntr),

2 mc_grouv_field_a bit (8),
2 mc_group_field b bit (2),
2 mc_arouv_field ¢ bit (8),
2 mc_group_~Ffield 4 bit {(R),
2 mc_group_field e bit (8),
2 mc_group_field_f bit (8)3

CECLARE

(group ptr,p) poinrter,

field e, field _f) »it (8),
bit_8_grouns bit (2) based {p)
(i,num_groups.aroups_times 6)

—

fixed bin (7);

unscvec{group_vptr) = xrit_vptr_value:
open file (address;) stream iaputj

get file (address) list (aum_groups)i
01 =1 to num_groups;

group_addr.i).mc_grouvo_field_a = ‘03°b4;
group addr(i).mc_group_fleld_b = “€2°b4;
grouo_addr(i).mc_eroup_field ¢ = ‘33 b4;
group_addr(i).mc_group_field_d = “00 b4;
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:
e get file (address) list (field e,field f)3
N eroup_addr(i).mc_sroup_field_e = field_e:
AN group_addr(i).mc_group_field _f = field f;
.-‘. I‘
o
IO end? /¥ do 1 */
{

e call disable_cpu_interrupts;

o call write_tar (xmit_ptr_value); ,
p - call write 1o _port{high dbyte_count_reg, “007b4);

o groups_times 6 = 6 ¥ num_eroups;

L p = addr (groups_times_6)3
) call write_io _vort(low_bdbyte _count_reg, bit_8_groups)s
Lo cooy_ie_register = transmit_dma_done;
o call write io port/interrupt_enable_register,
o transmit_dma_done);

- call enabdle_cpu_interrunts;

hos do while (copy ie_register = transmit_dma _dore);

end; /% loop until thre interrupt handler

Do takes care of the TDD interrupt -
o it sets COPY_IE REG = R3A */

fﬁf call perform_command{load_eroup_addresses):

ol

v

pr 4
1

s end pregram_group_addresses;

(R
- /0% 8 % % %6 e 0 e A e e el o e el el el e st ool ok e el S ol ek A de X e e e st skox /
s

o end; /* system device handler and packet processor

S (driver) */

o
5&: S e ot s ot ke 3ok e e ek e e e s e e e oo e e e sl e st e e e e ek s e e st s e eade s e e e de e e o
oty e 330 3 e e 8e 30 4300 o6 K 303 3 0 3 0 RHC e 2K AR R AR SRAE G R 20 A SRR N 5 AR AR R T AE KR
- Rtk ASMROUT .AEE file s
: N i 352 3l 218 4 =iz e sl 21236 sk 32 3e J e oo e e e 34 e 2 35 37 A AN R He vl Hesk A e e s 3l e o e e e ol X2 dlesie e sl e e esle gl e
by

e extrn hl interrupt handler : far
s public write_io_port

' public read _io_port

7 oublic write_bdar

S public initialize_cpu_interrupts

o public enable _cpu_interrupts

e public 4isable cpu interrupts

e 3 e e e 3 e e e e X e 36 3 e A K6 e ke e e e o e e ek e ok el s Aok At o o A ok SRR SR YRS 33K
Ml
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¢
» write_io_port:
i8¢
;5 s+ Parameter Passirg Specification:
)
f' H entry exit
’ .
oo i parameter 1 <port address> <unchaneei>
+ N .
Cn y
'f: ? parameter 2 {value to be outputted> <duncharg=sad>
A ;
) dseg
- port_address rbd 1
o csea
- push bx! push si! oush dx! push ax
" mov si, be]
: mov al, [si]

mov port_address, al
mov si, 2[bx]

et !

" mov al, f[si]
- mov 31, vort_address
W mov 4h, @0h
® out dx, al
" poo ax! pop dx! pov si! vcop bx
o ret
ﬁi 3 e aeafe ek e o et o Sl e e e e ok e g e e st et s e o e o o el b e e e s e XKoo o e ook sk e s e e e e ok e R
-
¢
read io_port:
- ; Parameter Passinz Soecification
< ;
;T H eatry exit
'
- ¢ parameter 1 {port address> <{unchanzei>
L ' parameter 2 {meaningless> {register value:’
o cseg
o push bdx! push si! rtush dx! push ax
e mov si, [bx]
«
iyt mov al, [si]
NS mov vport_address, al
- mov si, 2{bx]
L
N mov 41, port_address
.. mov dh, @€@h
P in al, dx
i mev [si], al
- poo ax! poo dx! pop si! pop bx!
t:_, ret
b
::; § 3530t ok e i e e e e o ol e o 90 3 a0 e 6 38 i e 3 e e e i R g e e o e 3 e e e e SR o o0 R R R R ROR TR
L Sl
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write_bar:

Parameter Passinz Specification

parameter 1 (and only): the address of the data block
to be transmitted or received.

.o B0 we O

dser

e_bdar_port egu @bSh
h_bar_port equ @dbtah
1 _bar_port squ 2bbh
temp_2_bdbyte rb 1
temp_es rvw 1

cseg

Tis module computes a 24 bit address from a 32 bit
address - actually it’s a combination of the =S
register arnd the IP passed via a parameter list.

-e we we

push bx! push ax! oush cx! »ush es! push dx! push si

mov dx, @R€¢h 3 shared memory s=2zment
mov es, dx i
mov temp_es, es
mov 4x, es
mov si, [bx]
mov ax, [si]
mov c¢l, 12
shr 4x, c¢l
mov temp_e_byte, dl
mov 1ix, temp_es
mov c¢cl, 4
shl 4x, ¢l
add ax, dx
Jne no_add
add _1: inc temp_e byte
no_add: out 1 _bdar_vport, al
mov al, ah
out h_har_vort, al
mov al, temp_e_byte
out e_bar_port, al
pop si! pop dx! pop 2s! vpoo cx! pov ax! pop bx
ret

§ X028 3 Be e te sk etk e R0k R0 AR AOAT K2 Ak K e A6 40 A0 36 4e 0e e e e Ak e K¢ ek e e 37k e e A X0 A Bk e i T X0 AL X AX N R N R K A
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N initialize_cpu_interrupots:
i$
{: $ Module Interface Svecification:
¢ ; Caller: Ethertest(PL/I) Procedure
i ; Parameters: NONE
5
. initmodule cseg common
- org 114h
", intS_offset rw 1
< int5_seement rw 1
)
i cseg
2 push bx
4 push ax
'j mov bx, offset interrupt_handler
o mov ax., @
X push ds
[ mov ds, ax
- mov ds:int5 _offset, bx
- mov tx. cs
_ mov ds:int5_sezment, bx
.| pop ds
pop ax
, pop bx
L sti
. ret
K. 3 e o oo oo e e e e e et e o ook el e e e s e e el e skl 3 e ol ook e e e e o e e e s sk ok e el ol K |
N
N enable_cpu_interrupts:
o
.
)
P i Module Interface Svecification:
ﬂ; H Caller: Ethertest(PL/I) Procedure
)y ; Parameters: NONE
"
& sti
) ret
\
N 3 e e e s e i e s e 4 i e e o e e e e s ok e o e e e e e Xl 3 e oot ok s e e e et o e i e e e e e e Sl o oK
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;ﬁ disable_cpu_interrupts:

f; i Module Interface Specification:

s H Caller: Ethertest(PL/I) Procedure
! ; Parameters: none

3

o cli

4 ret

; {1

gl § Ao %e e 3c e ke o At o e e i o st e e o e ol e ok 8 e sl S Xe ol K e e e e e e o ot N 3 R S SR K
o

i

e interrupt_handler:

N

o ; IP, €S, and flags are already on stack
ﬁv 7 save all other reeisters

N

ff push ax

“., push bx

- push cx

.. push dx

o push si

CO push di

ij push bp

push ds

oy push es

vl call hl interrupt_handler

o 3 high level source routine
- 3 In Ethertest Module ({(PL/I)
o ;7 restore registers

'"N POP es

o pop 1s

ot pop bp

- pop di

o pop si

€ poD 4x

N pop cx

Y pov bx

- DOD ax

l.:.'.l St i

e iret

‘ -

“

3 ent

\'l
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§ R ek e s e e e s 3ot ot s e ool o ke e a8 o e e o e 64 o6 K KoK 30 ol o6 3 A SR R Heoe Ko
3 %R e e o e e s e e e e R e 4 o 40 R ook o e o e e e e e e ot e SRR S R Rk e s Xk K
$* GATEMOD / GATETRC File GATEM/T.a®6 BREWER 1 SEP R4 */
y* - - - - ~%/
+* This module is ziven to the user in obi form to link x®/
t* with his initial and process modules. Any changes to */
¥ user services avallable from the 0S must be reflected */
+*¥ here. In this way the user need rot be concerned witn ¥/
¥ actual GATEZKEEPER services codes. Two lines of code */
t* are contained in conditional assembly statements and ®/
7% control the output to be GATEMOD or GATETRC dependinz */

¥ on the value of GATEMOD at the code start. =/
+* This module reconciles parameter passiag anomalies */
7* between MCOETEX (written in PL/M) and user programs ®/
'y* {(written in PL/I). ®/
;* _________________________________________________________ >l=/

+¥ Al11 calls are made to the GATEXFEPXIP in LEVELZ of the
+1*¥ 0S. The address ¢of the GATEKETPER must be ziven below.

.
!

+* The ADD2BIT16 function does not make calls to MCO=TEX.
7y* It’s purpose i{s to allow the addition of two unsizned

t%* 16 bit numters from PL/I oroegrams.
§ e e X e ok 38 36 e e e e e e s RGeS0 e e oo e okl i e e e e e e KoK e SR R e R RE RO K R R R e

e 3t 3t

¥ e e - — ———— — —— — — = ———— " ——— — - . —— — — —— " —— —— —— — o N e - e v T\

st 36 3t

NN TN NN NN

DSEG

GATEMCD =QU 3 i*** SET TC ZERO FOR GAT=ETAC
y¥%% SET TO ONF FOR GATEMCD

PUBLIC ADVANCE y*¥%% THESE DECLARATIONS MAXE THE
PURLIC AWAIT s#%% GATEKEEPER FUNCTIONS VISIBLE

PUBLIC CREATE _EVC y¥#%% TO0 EXTEENAL PROCESSES
PUBLIC CREATE_PROC .

PUBLIC CREATE_SEQ

PUBLIC PREEMPT

PUBLIC READ

PUBLIC TICKE

PUBLIC DEFINE_CLUSTER

PUBLIC DISTRIPUTION_MAP

PUBLIC ADD2BIT16

AWAIT IND ECQU ¢ iX%%x THWSE APE THE IDENTIFICATION
ADVANCE _IND FJU 1 ;%% CODES RECOGNIZ®D EY TEE
CREATE_EVC_IND EQU 2 y¥%% GATEKEEPE: IN LEVIL II CF

CEEATE SEO_IND ECU 3 j%%% MCORTEX
TICKET IND EQU 4

READ _IND EQU 5

CZEATE PROC_IND EOQU 6

PREEMPT IND EQU 7

DEFINE CLUSTER_IND EOU 8
DISTRIBUTION MAD IND EoU 9
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3
(1
L_
£
3 IF GATEMOD
N GATEKEXPER IP DW 22368
~ GATEKEEPER _CS DW @BADH
N ELSE
3 GATEKEEPER IP DW Q068E JHHHE 1 REAH (mmmmm e o
GATEKEFPER CS DW 2B4CH R I T L ——
: ENDIF
§ GATEKEEPER EOU DWORD PTR GATEKEEPER_IP
d
{ CSEG
X
4 pRAE OAWATT XX AWAIT ®¥R AWATD %k AATT kwk AYAT ] el /
3 AWAIT:
' PUSH ES
. MOV SI,2(BX] 1SI <— PNT TO COUNT AWAITED
A MOV BX, [3X] $BX <-- PNT TO NAME OF EV=NT
. MOV AL, AWAIT IND
L PUSH AX : iN <~— AWAIT INDICATOR
¢ MCV AL, [3X)
A PUSHE &X ;3YT <-~ NAME OF EVENT
. MOV AX, [SI] ;AX (=- COUNT AWAITED
| PUSH AX $WORDS <-- COUNT AWAITED
! PUSH &X iPTR_SEG <-— UNUSED wORD
PUSH AX iPTR_OFFSET <-~UNUSED WORD
CALLF SATTZKEEDPER
POP ES
1 RET
§
2 y¥%%x ADVANCE **% ADVANCE %% ADVANCE %% ADVANCE sicrsozsoilss/
e
t ADVANCE:
k PUSH ES
! MOV BX, [3X) $BX ¢(-- PTR TO NAME OF EVENT
' MOV AL,ADVANCE IND
v PUSY AX $N <-—- ADVANCE INDICATER
X MOV AL, [3X]
- PUSH AX $BYT <=- NAME OF EVENT
: PUSH AX {WORDS <-- UNUSED WORD
- PUSE AX $PTR_SBG <-- UNUSED WORD
4 PUSH AX iPTR_OFFSET <--UNUSED WORD
- CALLF GATEKEEPER
. POP ES
: RET
[
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;%%% CDEATE EVC **%* CREATE_EVC **% CREATE_EVC *¥sxsrsckuisn/
CREATE_EVC:

PUSH ES

MOV BX, [BX] iRX (= PTR TO NAME OF EVENT
MOV AL,CREATE _EVC_IND

PUSH AX ;N {~- CREATE EVC INDICATOR
MOV AL, [BX]

PUSH AX {BYT <~- NAM® OF EVENT

PUSH AX $WORDS <—— UNUSED WORD

PUSH AX ;PTR_SEG <-— UNUSED WORD
PUSH AX ;PTR_OFFSET <--UNUSED WORD
CALLF GATEKEEPER

POP ES

RET

j#%r COEATE SEQ **% CREATE_SEQ *%* CREATE_SEQ *¥wiwmismsmisii/

CREATE SEO:

PUSHY ES

MOV BX, [BX] $BX <-=- PTR TO NAME OF SEQ
MOY AL,CREATE SEQ_IND

PUSH AX ;N <~— CREATE_SEQ INDICATIR
MOV AL, [BX]

PUSH AX $BYT <-- NAME OF SEQ

PUSH AX ;WORDS <-— UNUSED WORD
PUSE AX {PTR_SEG <-- UNUSED WORD
PUSH AX iPTR_OFFSET <~--UNUSED WOXD
CALLF GATFKEEPER

POP ES

EET

;¥%% PICKET *%* DICKIT *%*% TICKET *%* TICKTT **% DPICKET *¥*%/

TICKET:

PUSH ES

PUSHE ES {TICK®T NUMBTE DUMMY STOZAGE
MOV CX,SP $POINTFR TO TICKET NUMRER

MOV BX, [BX] $BX <=— PTH TO TICKET NAME

MOV AL,TICKET IND

PUSH AX t{N <-— TICKET INDICATER

MOV AL, [3X]

PUSE AX $BYT ¢-- TICKET NAME

PUSHE AX IWORDS <~-- UNUSED WORD

PUSH SS {PTR SEG <-- TICKET NUMRE® SEG
PUSE CX iPTR_OFFSET ¢-- TICKET NUMBER POINTER

o¢

- N 0 .
_____________

.....




CALLF GATEKEEPER
POP BX
POP ES

RET

RETRIEVE TICKET NUMBER

j#u% READ *%% READ #*%% READ *%& READ %%% PEAD *%% READ *%%%/

RFAD:

PUSHE ES
PUSH ES

MOV CX,SP

MOV BX, [BX)

MOV AL,RZAD _IND
PUSH AX

MOV AL, [3X]

iN <== RFAD INDICATER

yEVENT COUNT DUMMY STORAGE
;POINTTR TO EVENT COUNT
iBX {-- PTR TC EVENT NAME

PUSH 2X 3BYT <{-~ EVANT NAME

PUSH AX 3BYT <-— UNUSED WORD

PUSH SS yPTR_SEG <-- EVENT COUNT SEGMENT
PUSH CX yPTR_OFFSET <--=EVENT COUNT POINTE?
CALLF GAT®EKEEPER

POP BX sRETRIEVE EVENT COUNT

POP ES

RET

;%%% CREATE PROC **% CRFATE _DPROC *** CRTATE PROC

CPEATE_PROC:
PUSH =S

%t

@A AR AR K [/

PRIORITY

MCV SI,14[3X] +SI <-- PTR TO PROCESS
PGSH WCOPD PTR ([SI) $STACK PPOCESS ES

MOV SI,12[3X] ;SI <-- PTR TO PROCESS
PUSH WORD PTR [SI] $STACK PR0C=SS DS

MOV SI, 12(BX] +S1 <== PTR TO PROCESS
PUSY WORD PTR (SI] +STACK PROCESS CS

MOV SI, 9[BX] +SI <-- PTR TC P3CCESS
PUSH WORD PTE (SIM +STACK PPOCESS IP

MOV SI, 6[BX] 1SI <-- PTR TO PROCESS
PUSH WwORD PTR ([SI] $STACK PPOCFSS SS

MOV SI, 4[3X] $SI <(-- PT® TC PROCTSS
PUSH WORD PTR (SI) 1STACK PROCESS SP

MOV SI,2[2X] $SI <-- PTR TO PROCESS
MOV AH.[SI] tGET PROCESS PRIORITY

MOV SI,[(BX iSI <(-- PTR TO PROCZESS ID
MOV AL, [SI] {GET PROCESS ID

PUSH AX ySTACK PPOC%SS PFIOIITY &ND ID
MOV CX,SP yPOINTER TO DATA

MOV AL,CREATE_PROC_IND

o1




‘,-$‘f
i
(W
g PUSH AX iN <-- CREATE PROCESS IND
(o PUSE AX ;BYT <-- UNUSED WORD
el PUSH AX 3WORLS <-- UNUSED WORD
DS PUSH SS iPROC_PTR SEGMENT <-- STACK SZf
; PUSH CX iPROC_PTR OFFSET <-- DATA POINTER
. CALLF GATEKEFPER _
Yoo ADD SP,14 7REMOVE STACKXTD DATA
- POP ES
i
) RET
f:ﬁ j%%k DREEMPT #*%% PREEMPT %%% PREEMPT *%¥ PREEMPT wkdXmusikx/
ot
PRIEMPT:
t}i«
pr PUSH_ES
iy MOV BX, [BX] iBX <(=- PTR TO NAME OF PROCESS
e MOV AL,PREEMPT_IND
o PUSH AX iN <-- PREEMPT INDICATER
25 MOV AL, [BX]
o PUSE AX iBYTE <{-- PRIFMPT PRCCESS NAME
- PUSE AX 3WORDS <-- UNUSED WwORL
- PUSH AX iPTR_SEG <=- UNUSED WO3D
PUSH AX sPTR_OFFSET <-= UNUSED wORD
CALLF GATEKEEPTh
o POP ES
4.:}.
‘ j Rk DTFINE_CLUSTER *%** DEFINE_CLUSTER %% i/
s DEFINE CLUSTER:
3 PUSE ES
> MOV BX, [3X] 7BX <-- PTR TC LOCAL$CLUSTIR$ADDR
e MOV AL, DFFINE_CLUSTFR_IND
N PUSE AX PN <=- DIFINT CLUSTZIR_IND
i PUSH AX i3YT <-- UNUSED #CAT
pid PUSE WORD PTP [BX] iWORDS <-- LOCALSCLUSTER$ADDE
— PUSH AX yPTR_STG <-— UNUSED WCRD
o PUSE AX iPTR_OFFSET <-- UNUSED #C3D
o CALLF GATEXTEPRZ
a0 POP ES
o RET
&
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¢ j#%%¥  DISTRIBUTION_MAP  *#¥*  DISTRIBUTON MAP  #skx %% /

‘
o
o DISTRIBUTION MAP:

. i
i PUSH ES

MOV SI, 4[RX] 7SI <= PTR TC GROUP .ADDRESS

L PUSH WORD PTR (SI] ;STACK THEF GROUP ADDRESS
n MCV SI, 2[3)] iS1 <~- PTR TO ID OF MADP_TYP3
e MOV  AH, [SI)
o MOV SI, [BX] iSI (~- PTR TO MAP_TYPE
Rohy MOV AL, [SI] jAL <~- MAP _TYPE
v PUSH AX iSTACK ID AND MAP_TYDPE
" MOV CX, SP ;POINTER TO DATA
- MOV AL, DISTRIBUTION MAP_ IND
R PUSH AX iN <== DISTRIB_MAP_IND
s PUSE AX iRYT <-- UNUSED WORD
o PUSHE AX iWORD <-- UNUSED WO03D
- PUSH SS iMAP_PTR_SEG <-- SS

A PUSE CX iMAP_PTR_OFFSET <— DATA PTR
o CALLF GATEKFEPTIR
= ADD SP, 4
-t POP TS
: RET
?'lﬁ
W
B
&3 j*%% ADD2RIT1€ *¥% ADD2PITLE *¥% ADD2RIT16 **% ADDRRITIE %%/
R ADD2RIT16:
[ MOV SI,[BX) ST ¢=- PTR T0 BIT(16)#1
N MOV BX,2(PX] iBX <== PTR TO RIT(16)#2
ﬁb MOV BX, [2X) 18X <-- BIT!1€&)#2
@) 4DD BX.[SI] iBX <=- BIT(16)#1 + BIT(16€)=2
- RET
N

s END
\n:‘
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APPENDIX E
THE DEMONSTRATION PROGRAM

The demonstration program is a combination of four
modules that simulate gathexing and processing track
information and calculating direction and launcher number
for missile launchers.

It was not a goal of this demonstration program to
provide a valid algorithm for a real system, but rather to
show the synchronization of distributed asynchronous
processes with different execution times, working with
different length shared data queues, that reside at
different addresses at different clusters. Another goal was
to demonstrate the systems ability for processes working in
shared buffers, or with local copies of shared data items,
or a combination of both.

Process trkdetec simulates the track detection by
producing x, vy, and z track data. The track information is
put into the 50 slot queue TRACK.

Process trkrprt simulates the track movement calculation
by producing dx, dy, and dz values from the comparison of
two consecutive track informations. It consumes TRACK data
and puts delta information into the 20 slot queue DELTA.

Process mslorder simulates the missile launcher
direction calculation. It consumes TRACK data and DELTA data
and combines these into simulated azimuth and elevation
information and assigns a launcher. These data are put into
the 50 slot queue MISSILE_ORDER.

Process msltrain simulates the missile launcher training
by consuming MISSILE ORDER data and displaying launcher
number, launch number, azimuth, and elevation.

For demonstration purposes each process displays its
calculated values and its status (e.g. waiting, going, done,
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queue full, etc.)

The program was successfully run in three different
constellations:

1.) Process trkdetec and process msltrain multiplexed on
one SBC, and process trkrprt and process mslorder
multiplexed on a second SBC in the same cluster (cluster 2).

2.) Process trkdetec and process msltrain multiplexed on
one SBC in cluster 1, and process trkrprt and process
mslorder multiplexed on one SBC in cluster 2.

3.) Process trkdetec on one SBC and process msltrain on
another SBC in cluster 1, and process trkrprt on one SBC and
process mslorder on another SBC in cluster 2.

The Link86 Input option was used to 1link cluinit,
trkdetec, msltrain, and gatemod into ClUSERS; c2uinit,
trkrprt, mslorder, and gatemod into C2USERS for
constellation 1.) and 2.).

For constellation 3.) following linkage was done:
trkdinit, trkdetec, and gatemod into TRACKER,
msltinit, msltrain, and gatemod into MSLREACT,
trkrinit, trkrprt , and gatemod into REPORTER, and
msloinit, mslorder, and gatemod into MSLORD.

This demonstration program, even though done by one
person, was built under a simulated lead programmer team
policy. The lead programmer provided the system-wide shared
data declaration, the system definitions, the clustert
specific relation data, pointer assignments, and systems
initialization. The lead programmer also decided about the
distribution of the different modules over the system.

The application programmers built their modules
%including the share.dcl and pointer.ass files.
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Sy ade e 33 a4 o 306 a5 a6 38 3 36 36 3 3483 46 35 5 a8 3 3 3¢ 40 3 3k b o b e e ool 43 s e e s e o 5 4 ek e e 5 535 o8 4K o 0 3 X o oK
N .
S ek CLUSERS.INP file H XK
i WM e e = —— - —— W
: ¥#% This file is used to link user initialization, R
vy *%% yser process msltrain, user process trkdetec, and ok %
M #*%* gatemodule into C1USERS.CMD, the executabdle file R .
! *%% multiplexine the two user processes on one SBC. o
ih e s e o e st s e e ie 16k el e s e e ek e st e e ate el e el ale o ek skofeok o Sk ok e s ke e sk el e e e de 3K
o
v )
) clusers =
R cluinit [code(ab(439]].datalav(800],.m[0],ad [e2]],man(all]],
o trkdetec,
" msltrair,
N gatemod
‘vi 3 ¢ 26 3 2 48 3¢ 36 e e 3 e 3K 30K 3k e 42 2 342 2% € 248 2 ¢ e 2 35 38 Ko e e 3K e e 29 48 A8 K R HE K 4 e 2 3¢ e 348 R ALK e Ne ke 3 A
1ighe ste 3 50 3 o 28 5630 4030 o0 036 e 303 g Ao ok ek 3ok ke o ko o e e ek 3 e ek S e e el sk i o e e ok e e sl sk ok 3 3K
o stk ClUINIT.PLI file ok
KL N e e e e e e - —R
o #¥%¥ This is the initialization vprocedure for the b
oe ¥%% multipvlexed user constellation. R
SN st s e e e 2l i R e 20ke e e e e ke s e e 3 3ok e e ok e s e Sl SR ke e SRk A Ko ol o 0 NG KKK R R FR R A e N K
.".r_:.
AN cl_users_init: procedure options (main);
L X ’, ’ .
+ %Zinclude ‘sysdef.pli’; -

/* begin */

-0 /¥ trkdetec */

e call create_proc (’@5°b4, ‘fc b4,

S ‘@2eb "b4, ‘0808 ‘b4, ‘2329 b4,
{? “24397b%4, ‘0870 “v4, ‘29803 °bv4);
!E /* msltrain */

e call create_proc (°06°b4, ‘fc b4,

s “2a?b b4, “280Q° b4, ‘2275714,
o ‘9439 ‘b4, ‘2800 ‘b4, ‘2827 b4);
‘j} call await (“fe’b4, “017bv4);

o end cl_users_irit;

ok
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?’ a3 003 35 e i 30 e i 3 o 4 3 2K 36 sk 3 e 2o 38 3 0 4 e 0k o e 8 e 3 4 0 oK o 35 okl o S e o o o 0 e o o e e e o
e 5 3 e a3 e ok 2 kol s b e s b ok s ol e o ot st el s o ol e sk sl sl sl 3K o s b oo el o i e o e e sk o 4 %0 o ot
o Rk TRACKER.INP file o
*; AR e e -3
M *%% This file is used to link trkdetec initialization,  *%x
_ﬁ *%¥% yser process trkdetec, and gatemcdule into. AR
p . *%x TRACKFR.CMD, the executable file for user process Lk
o **% trikdetec in the non-multiplexed constellation. o
& 3t e o e s s i 48 3 3 9040 3 e e 3 o 4 o 8o 3038 ke ok o o ol K 30 3 e ol Ko S8 o 4038 R 24 0 SRl KoK KNSR R O
i
; tracker =
5 trkdinit [code [ab[439]),datalab[800¢],m(0],ad(82]],map[alll],
‘ trkietec,
15 gatemod
N e e ateate e i 2eabe Rk e et e it e Re s e sl s e e et s ol i ok e e e el o el ek s e e sl e XK SR SR S HE RO
%6 38 2 338 2k 35 3 5848 36 ok 33834 i e o 53 3 ik afe 3 o afe Heale i e o ok afeale o4 3k 3Rtk ik e e 386 356 Kl 3 30 20 S AE S K BN XA HESK
% ket TREDINIT.PLI file kK
" RRENC — — g R
s *%% This is the initialization procedure for user o
S ®*%% process trkietec in the non-nmultiplexed ek
™ *%% constellation. WHH

46 e 3 25 404 3 2 4 33 3k 338 e s e 4 a8 2 3 e e e o e s 3 36 ek a6 e ik i 34 36 e e 39 3V e 3R 3 e e 0 a0 e 38 46 803 e e

& s skl s i i e i e e ol et s s s el S ol e st st s okt i s e 26l 36 3 el sk sk skl 5 e e Ao sk e e e e
)

8 trkiinit: procedure options (main);

T

W Zinclude ‘sysdef.pli”’;

5\ /* begir */

,é call create proc (’¢1°b4, ‘fc’b4,

:* ‘2854 “ba, ‘2802 ‘b4, ‘0023 b4,
g ‘0439°b4, ‘0800 b4, ‘2822°b4);
;r call await (“fe’v4, “917bv4);

end trkdinits

%030 20 %0 32 250K AR 20 30 REAK 3 e 346 34 2% e 348 %R e e e %2 30k 246 3k Ae Fek 36 e 3 e e %2 34 K6 e 30 30e e N e 340 3 A %0 00 KO AKX N
3 356 2 e e 9% 30 2 e 4 e (e3¢ X Fe 3k 30 X0 346 30 3e 3 5 e 3K H0%E 0 20 %6 2485 26 2 33626 26 348 33 26 38 Xe e 3¢ 2 2 e o g e e A2 A N A KK K
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i e %ok MSLREACT.INP file A

“ MACN -— —— -— -— —-— ——RE R R

IN. **% This file is used to link msltrain initialization, HE X

A *%% yser orocess msltrain, and gatemodule into e

b\ ®¥* MSLREACT.CMD, the executable file for user process  ¥%x*

N *%% msltrain in the non-multiplexed corstellation. AR j
(Y e st e oo e s i o e e ale sl 4 e e e sl ofe e e e ale o e e i s sfe e eie 0 i e e o e e e e e ok e ae e Sl s SRRk 3ok 3K Bk ‘
fg ‘ mslreact =

S msltinit [code(ab(439]],data(ab(820],m(2].ad(82]1,mav(all1],

>, msltrain,

! gatemod

-
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e e (e 340 X0 348 36 346 2l 346 4R 2y e 3¢ X 34648 2 a4 o 2 e e s9rafe 36 Xe 2e e e 3 e 58 e 346 2 280 46 260 e 348 3k e o e 3 46 20 ¢ e e e e R K e A

e MSLTINIT.PLI file R
AR ————— —— -— — A
*%% This is the ini¢tialization procedure for user AR
¥%% process msltrain in the ron-multiplexed . *E
**% constellation. P .

¥ 38 3 3¢ 256 3 3 236 2 e 2 %< e e e 30 26 o 356 A0 3 o 36 380 e 3630 4 3 ok e 3 Al KK Re A2 20 58 26 ek A N6 A AR A AR RN Ao N N2
e e aie Reafe sie Ao e Ao e e e s e KeRe dfealee e Aeaieaie e dexe e g dleshe ek jesie s e de ke Aeale esle sleal siede e S e %

msltinit: procedure options (main)s

%include “sysdef.pnli”’

/¥ begin */

call create_proc (°@32°b4, “fc b4,
‘9825°b4, ‘0522 °v4, ‘2023 b4,
‘?430°b4, ‘7872 b4, ‘0822°bv4);
call await (“fe’b4, “01°bv4);
end msltinits

ke 380 o e 3 546 %6 3¢ 3¢ X388 463 3 3 e e 46 ke 4 3¢ 40 2 3k e s e 3k 3 3 350 ok e e s o 3 3 3 4 06 3 0K k3 a4 3B o 3 X 3 %6 7 %0 K K e e
e ke 0l 33 303 3k s e ke e seae e s e o e e ik e e sie e e o S s ok s e K e e e el 4o sk ook ol ek de e e e ek ok
Xexp e TRXDETEC. PLI file R. BHaeger, Dec 1985 3
T T S —_— —_—— e e e e e e e e e e e e e e o e 3 y
**#% This is the PL/I—BS code for user process trxdetec. F¥¥

*%¥ Tt simulates track detection by incrementing track BH KR

%% position values every iteration. It produces shared *%x* 4
*%*% 4ata TRACK. RN
o) 38 332 B2 e 31g e 9j< e e 2o e e ¢ O %2 e 342 2 346 512 o K A SR Ak g ik 3k e e ofe e ol vk e e e e e e 3k e e o0 e e e ok s e e e e e 2k ok
el aie sk 4o 3 s 3¢ 4e 2 e e 32 80 58 Qe e 38X 3 e e Ae e 5 30 3 % aueake 26 e e ke K< e e 3 34 X 423 3¢ e Xe ke Ao e e e e o WA K K

trgdetect: procedure |

Zreplace
infinity ty 32767,
one by ‘2¢¢1° b4,
talen by 593

4

Zi1clude “sysdef.pli”’s
%include ’share.dcl"

/* used shared data:
1 track(@:49) based(tr_ptr), '

2 x fixed bin (15)

2 y fixed tin (123

2 z fixed bin (1 */ .
'J:‘X. g
o [
Y
b3l
L
[ '_' ‘
. |
: R e
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R

o DECLARE

o | i fixed bin (15),

) (k,tq_udb,ta_1d) bit (16),

- 1 local_track,

e 2 x fixed bin (18),

O 2 y fixed bvin (15),

%- 2 7z fixed bdin (15);

AN /¥ main */

| %¥include ‘pointer.ass”’s

< do 1 = @ to infinity;

ﬂﬁf /* simulation of track input data */

™ local_track.x=1+13

local_track.y=i+10;

L local_track.z=1i+1}

e

ok /* put track ir shared memory */

B track(mod(i,talen)) = local_track;

& call aivance (TRACK_IN)j

o ta_ud = read(TRACK_IN);

I

i‘ /¥ disvlay track values */

A put skip(2) edit (’Track “,binary(ta_ub),

! . ‘x: ,local track.x,

" ‘ y: “,local_track.y,

‘ “ 23 “,local_track. z,

o ‘ put in queue slot “,mod(i,talen))
1 ta_1b = read (TRACK_OUT)S

-~ /* report status */

: put skini{2) edit(’Last consumed track “,binary(ta_1lb),
”¢ “ in slot: .mod(binary(tq lv)-1, talen))
"~" (2(&.1’(5))).

’ hal

A /* check if slot available for next iteration */
7= if ({binary(ta_ub)-dbinary(to_lb)) >= talen ) then
" dos

R k = add2biti€(ta_lb,one);

o /¥ revort status */

v put skip(2) edit (’waiting for slot: °,

. mod(binary(k)-1,talen),

;f ‘ to be consumed ‘) (a.f(3),a)s;

call await (TACKX_OUT, k)3
end; |
endi: /* do FOREVER */ ‘

w_a

end trkdetect?
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L a0 20 90 A8 30 e 3 3 58 45 800 o e o6 004K 8 A8 e33R 4 2 8 2 2 3 e X8 5 X6 A 36 386 30 040 3¢ 4260 42 38 e o o 2 30 oK o
N 538240 36 308 4650 e 48 30 008 30 30 e 5640 3 22 Ne e 36 e 400 2 e e 56 e e a8 0ok e s o 326 o o e A A0 o e e ok e 2 38 3K
N *owx MSLTRAIN.PLI file R. Haeger, Dec 1985 adatd
R b33 - - ————— — X0 X

*%¥% This i{s the PL/I-8€ code for user process msltrain. =

7 *¥% It simulates missile launcher training by - AR .
,2 #*¥*% qisplaying launcher assignment and direction values. ***
b #*%% It consumes shared data MISSILE ORDER. i
0 sk oo e ofe ke s st g e e ok sl e e e i 3o e sfeale ok afe e e ke o e s ke 76 e e 3ok o 4k ok 3eje e o e e e ek e e e s
N st 4 e ol o 5o o0 o A0 33 4 o s B e 4 A e 40 o o R oS e S48 6 40 3 40 kA e a8 35 4 o 4 oo e e e oo e o KR X
fq msltrain: procedure ;

D

K- %Yreplace

‘D'.

infinity by 32767,

s one by “0001 b4,

e moalen ty 505

o %include “sysdef.pli”’s

Wy %¥include “share.dcl”;

[ /¥ used shared data:

T 1 missile_order(@:49) based(mo_ptr),

- 2 launcher fixed bin (7),

= 2 azimauth float binary,

” 2 elevation float dirary, */

DECLARE

Jﬁ i fixed bin (15),

3 k bit (16) static init (72000 °b4);

o /* end DECLARATIONS */
(_ /* main */

& Zinclude “pointer.ass”’;

é} do i = @ to infinity;

o k = add2vit16(k, one);

o0 /% repcrt status */

put skip list(’‘msltrain waiting”)s
call await (MISSILE ORDER_IN, k)i

/* consune and disvlay missile order values */
; put skip(Z) edit(’launcher: °,
- missile ordermod(i,moalen)).launcher,
“ launch: “,binary’k),
‘ azimuth: °,
missile _order(mod(i,moalen)).azimuth,
“ elevation: °,
missile order(mod/(

i, moq len)).elevation)
(2(a,f(5)),27a,e(13,2)));

2))
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call aivance (MISSILE_ORDER_OUT):
end; /* do i */

end msltrains

Hegeoie e vgdedeoltatesiede sieag kol i e sk e sk e e sl ke sk ok e sge ol ol sl ek sie e i ok e 2 5va sk Ak sie age e 36 o8 e e Sie ol e Bl sk s
e 24 20 356 o4k 3¢ 3 2 Ao Ak Ae e 3 e % 36 20 e % A 336 2463 6 K 34e e 2 R0 xRe 33 e ok Bk K X< 3 Xe e 20 2 30 R 4K K AR 36 A0 N X XK AR AR Ke e N e K

ok C2USTRS.INP file #
Hessie e e Ao e
*%% This file is used to link user initialization, X
¥%%¥ yser process mslorder, user process trkrprt, and HRF
¥k% gatemodule iato C2USETRS.CMD, the executadble file A
*%% multiplexing the two user processes on one SBC. AR

e ek ool ae 3 ek o oo ok e 342 30 R 0 00 4 36 % % 30 3 e e 34 246 3 ek 2 3 el 30 2 e o 40 0 8 e 24 A0 AR 3R Ak A e R e e e ofe e o

c2users =

c2uinit (code[ab[4391].data[ab[829).m(0],ad[22]],map(all]]l,
mslorder,

trkrprt,

gatemod

e 36 e it e AR A0 A0 e ARG 32 e 32 3K e 4 2 4e 33828k 4k e e 36 3¢ A% 3¢ ek 6 afe e e e e e 2k 3¢ ke e o e A e e e e Ao ok e e e e %
340342 30 36 38 %6 3 5 2{8 %48 348 318 3 e 34¢ e a0t 26 3¢ 3¢ e o4 e 36 ik (¢ e 3t e o e ek ol 3k 3ok e 3 e afe o3¢ e Sk e e ofe e e e e e ok AT e e ofe e e o

%%k CZUINIT PLI file AR
KA e s e e e e e e i o e e e . — — ——p X
*%% This is the initlalization procedure for the REN
**%¥ multiplexed user constellation. RHRR

e e sz e 28 e dje oz e e afeale e e sfe aje i sie e Seale e ofe a3k sie sfe dje e ofe e ek ek sle e e sie sie e sie e e sge e e sl e s e e e e ke eofe sk e A

c2_users_init: procedure options (main);
Zinclude ’“sysdef.pli’;
/¥ begin */

/* missile order */
call create_proc (037 t4, “fc’ta,
“@a29‘va, 78¢2 ‘b4, ‘CE2S7 b4,
‘2439 b4, ‘7200 ‘b4, ‘2832°n4);

/* track report */
call create pror (724° bé, “fc b4,
‘Gb47 ‘b4, ‘2862 b4, “3333°b4,
‘0439 °b4, ‘003 ‘b4, ‘2800 b4)s
call await (“fe’vs, “01°b4):
end c2_users_init;

¢ 35 33 28 26 3¢ 336 31 4e 39e 23 e A 3% X aie 3 3¢ 46 34t 53¢ 3¢ %6 3¢ Ak 248 34¢ e KK 40XR 4E 24 NEKE X< 42 3¢ e e R X 3¢ e e e e 3¢ ¢ e 3 He e Re Ak A A
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oY e e e 36 0348 36 368 36 30k %6 e X6 X8 3503 46 K62 28 403 2 e e e 40 e AR 2 e 40 8 304 80 e 50 00 R 3003 e A e e ke A o o
- 40 33 20 3 3 3 32 3 a3 s e et e a3 o 303 e 36 38 463 53338 a3 el e 4 8 e e R 356 e ek 30 o 44 e R K e K
N *%% REPORTER.INP file R
3 -’ ***--— - - ——--—-—-—-—-—————-—-———————-————————————***
w *%% This file is used to liukx trkrert initialization, ek
) *¥%% uyser process trxrprt, and zatemodule into . ol
H, #%% REPORTER.CMD, the executadle file for user process WA H
- **%% tprkrort in the non-multiplexed constellation ik ’
¥ e e seofe e ate o e e e sk S e e et e ek sk s iR o 2 3 el e s ol e o et ok s ke e ok ke e ok i o sk 0 s el i e e
o repcrters= ’
" trkrinit [code[ab[439]]),datalab (8001 ,m(2],ad(82])],man[all]],
22 trkrprt,

o 2atemod

o e 3 3 e e 3 e e 3 i e 33 48 40 983 40 40340 0 o 30 3 30 503 2 0 4R 4030 3 40 340 5 058 e 58 3 3 40 80 38 4 0o 0 oA 3 S 0 3
N % 3 3¢ e 3¢ e e e A3 A0t Fe e 312 e 2ie e e Fe A e e A< Sl He e slesie e e sie desie ol sk ik 3k s ksl s ok sfe ok o oo sl R sk e e s e sl Ke e e e

X% TFEKFINIT.PLI file Ol

0 AR e e ————————————— —————————————— e e
ot ®%% This is the initialization procedure for user Ao
- *¥*% process trkrort in the non-multiplexed constellation, ¥
Ny e e fefe o 3¢ 3% o St ok sieafe s et s skl e ek e s sl e s s sieake e i s o e i sk e o 3o okl S 3 s vk e s o e
L,

f trkrinit: procedure oztions (main);
k] Zinclude ‘sysdef.pli”;
o /* begin */

: call create _oroc (’34°b4, “fc'b4,

- ’

= 087f‘ba, ‘0200°b4, ‘0223°b4,
S ‘439 °b4, ‘787¢ “v4, “7280¢° b4);
X,

(%)

n, Y rd 4 ’

s call await (“fe’b4, 71 7b4);

Lt erd trkrinits

e e 3 42 R o 40 4t e el A0 e e 0o e sk ot 36 e 3 344 e e 90 e 3B s e e sk e 36 3 3 e e 4 el 303 s o Ao oK ok R 3 K
K e s e e e te e e sl sl e i o e e S e ok ek steateale s el Aol ieae A sle st e e ofe e e o s oo ok i s ok 3 3 st e e e 3k
"™ i MSLORD.INP file R
j HHH e e m e n e e —_ —_— — _— -— e
o #%% This file is used to link mslorder initialization, R R
€ *%% nser process mslorder, and zatemodule into RHEHE
- *%*% MSLORD.CYD, the executable file for user process o
o *%% mslorder in the non-multiplexed constellation. e
_ %8 3% e 3 X% X 3¢ e 3 2 e 3 % 2 38 %2 3¢ 36 3¢ 3 e e e e 2 38 24 e K e e e 2k e Ko A e e 348 242 A8 A4 Ha 3 AHE 0 i 8 R e e e o sl K
", mslord =

msloinit [cod=(ab[439]1,datalab[800],m[2]),ad[82]],mav(all]],

L mslorder,

o fgatemod

e

..: 7 356 3 2 330 3k 20 3 3% 4% 28 24 35K 7R 26 3¢ e 3 e e e 3 o He e e e 40 Ak e K e 3 i e a8 38 22 e e e e MK K X AR 3¢ XK 2 24 e X8 Ak i 3K KR
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Rk MSLOINIT.PLI file X3 A
-3 -1 P — - o R 1 1
*%¥% This file is the irtialization procednre for user L b

*%% process wslorder ia the non-nultiplexed coastellation**x*
e 538 3 2038 3 e e 3 ¢ 3840 e 3 38 3 3 XA 36 e 0 e A 34 30 HaK 3 A 300 X0 4 A 64 Nk A ek 0 o AR O KK 3

msloinit: orocedure ootions (main);

%include ‘sysdef.pli”s

/* bezin */

call create_oroc (°83°b4, “fc b4,
‘2913 ‘b4, ‘2202 ‘b4, ‘¢223°v4,
‘9439°b4, ‘0R020° b4, ‘0829 °ba);

call await (“fe’bp4, “01°bv4):
end msloinits

ste e s ok st e e o e e sl A< e 4¢3 ok 2 e ok e 4k e a4 e o e o e 4k 2k e 3 3 o e o e e e e e e sl e s s e e e ek ek sk ol e
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AR TRKRIPRT.PLI file k. Haeger, Dec 198¢ AR
B TR e e e e e o o e o o o e o e = P . o i S T —— 2" o = o 4t P S o o o o ek
*%% This is the PL/I-8€ code for user process trkrprt. Lt
*%% 1t simulates computation of delta values for tracks *%=x
**% py comparirng two cecnsecutive positions of a track. F AR
#*%%¥ It consumes shared data TRACK anmd _roduces shared HE R

%**% data DELTA,. WA
g s e ol 40 s et o s ake oo s e e e st el e e oo e oke o e e e ieoge e ke de s ofe ko o e e st e st g s e sk e e s

trkrprt: procedure
¥replace
infinity by 32767,
one by ‘@cel1v4,
dalen by 20,
talen by 5@,

¥include “sysdef.pli’;
¥include ‘share.dcl”’:

/* used shared data:
1 track(2:49) vased(tr_ptr),
2 x fixed din (15),
2 y fixed bin (195),
2 z fixed bin (15),
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1 delta(®:19) based(de_otr),
2 dx fixed bin (7),
2 dy fixed bdin (7),
2 dz fixed bin (7), */

DECLARE

static init (°@00¢ b4),
(dq_ub,dq_1b) bit (16),

1 local_track,
2 x fixed bin (15),
2 y fixed bin (15),
‘waiting for slot °,
mod (binary!k)-1,dqlen),

‘ to be con 2 dy fixed bvin (7)),
2 dz fixed bdin (7);

/* end DECLARATIONS */

/* main */
%include “pointer.ass’;

do §1 = @ to infinitys
/¥ report status */
put skip(2) 1list (° proc trkrprt, iteration:
i,” wait.nz “)3

km = add2bitls({km, one);
call await (TRACK_IN, km);
/* report status */
put list(” =zoine )3

/* read shared data item and compute delta values ¥/

local delta.dx=(track(mod(i,talen)).x)=-(local_track.x);
local delta.dy='track(mod(i,talen)).y)-(local track.y):
local_delta.dz='track(mod(i.talen)).z)-(local track.z);

/* display computed delta values */
put skip list(  4x:°,local_delta.dx,
 dy:’,local delta.dy,

dz:",local _delta.dz);

4

/* save track data for next iteration */
local track=track{mod(i,talen));

/* put delta in shared memory */
lelta(mod(i,dalen))=local_delta;
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call advance(DELTA_IN);:

/* report status */
put list(’ done “);

1q_ub=read (DELTA_IN);
dao_ “1b=read (DELTA OUT),

/* check if slot available for next iteration ¥/
if ((binary(da_ubdb)-binary(dq_1b)) >= dqlen) then
dos

k=add2bit16(da_lb,one);
/¥ 1f queue is full. report status ¥/

’

put skip(2) edit(’Delta queune full, °,
‘waitine for slot 7,
mod (binary(k)-1,dalen),
‘ to be consumed’)

(a.a.f(S).a)?
call await(DELTA_OUT,.k)s
end,
endas /* do 1 */

end trkrort;s

348 3o e 23 3 342 340 0 e >ie Ko sl ee A e e e ot sk s e e ol e e ol e sfe sieafe e e olesfe e sl e sieoke ol Rk e e sedie e sl e ok oo el K 33
3 X 2 38 3 e X8 2 50 30 16 Ao 3k 223 3% ek 3¢ A e e 3 30 N A A AR K A0 A A0 346 R AR 3¢ 3 3 A 48 20 303K A 38 AR 3% e 238 38 2 e 56 3K e R A

LA MSLOEDER.PLI file R. Haezer, Dec 1985 HRH
FE R e m o e e o e e o = ——— ~ —————— - — - —— > = o =5 L3323
Hede e This is the PL/I-36 code for user process mslorder. *%
***¥ It simuvlates computation of missile launcher TR
¥%% direction and launcher assignment. FAR
*%% It consumes shared data TRACK and TELTA, and R
**% projuces sharei data MISSILE® ORDEER. F R

30388 e v e el 36 ol e el e aieaie s e oe e 2 e e e o fe e e sl el a3 3E o6 s BN e ook e e ek sk sk e e sk ek e

mslorder: procedure

treplace
infinity by 327€7,
one by ‘9001 b4,
talen by 53,
dalen by 22,
moalen by 59;

’

Zinclude “sysdef.pli
¥include “share.dcl”s;
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! /¥ used shared 1ata: !
g 1 track(@:49) based(tr_ptr), ?
N5y 2 x fized bin (15), ‘
A6 2 y fixed bin (1%), |
R 2 z fixed bvin (15), j
L | ‘ |
o 1 delta(@:19) based{de_ptr), |
oo 2 4x fixed bin (7), !
A 2 dy fixed bdin (7),

2 2 dz fixed bdin (7), !
s {
CY) 1 missile order(@:49) based(mo_ptr), |
N 2 launcher fixed bdin (7), |
S 2 azimuth float binary, !
b 2 elevation float bdinary, */

DECLARE

s i fixed bin (15),
‘fgﬁ km bit (16) static init (72287 v4a),
-}ki ki bit (16) static init (30082 b4e),
Iﬁi, {moa_ub,moa_1b) bit (16),
. 1 local_track,

%53 2 x fixed bin (15%) ,

R 2 y fixed bin (15) ,

i 2 z fixed bvin (15) ,

Lo 1 local delta, |
. 2 dx fixed bvin (7), :
s 2 dy fixed bin (7), *
M 2 dz fixed vin (7),
§ ":‘T’

N 1 local_order,
O 2 launcher fixed bin (7),

-~ 2 azimuth float bvirary,
‘zg. 2 elevation float binarys

o /* end DECLARATIONS */

:% /¥ main */
gﬁf ZTinclude ‘pointer.ass’;
i io 1 =@ to infinitys
[~
:;iﬁ /* report status */

' put sxip(2) list(’proc mslorder, iteration: °,

2 i,” m_waiting 7); {

- kd=add2b1t16(kd,one);

o call await(DELTA IN,kd);

)
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/% report status */
put 1list(” m gzoine “)3
/* copy track values */

local track=track(mod(i,talen));
call advance(TRACK OUT),
/* copy delta values */
local_delta=delta(mod(i,dalen));
call advance(DELTA_OUT);
/* display track values */
Put skip list(” x° ,local_track.x,” y:“,local_track.y,
‘ .local track.z);
/* a551zn launcher #*/
local _order.launcher=mod(i,4)+1;
/¥ simulate direction computation */
local ordier.azimuth=
atand(float(local track.y + local “elta.ay)/
float{local track.x + local_ delta.dx));
local_order.elevation=
atand(flcat(local track.z + local delta.dz)/
float{local track.x + local _delta.dx));
/% put missile order in shared memory %/
missile_order(mod(i.moqlen))=local order;
/* display missile order values */
put skip list(” 1:7,local _ordier.lauacher,
’ a. .local order.azimuth,
‘,local order. elevation)
call advance(NISSILE_ODDVR_IN)

/¥ report status */

put list(” m _done )3
moa_ub = read (MISSILE ORDER IN):
moa_lb = read (MISSILE CRDER CUT);

/* check 1# slot available for next ireration */
if ((binaryimoag_ub)-binarv(moa_1lb))>=moalen ) then
dos

km = add2biti6(moa lb,one);

/* report if qusue is full */

put skin’2) edit(’Missile_order queue full, °,

’

“waitineg for slot 7,
mod (binary xm)~-1,moalen),
“ to be consumed”’)
fa,a,f(3),a)s
call await (MISSILE_ORDER_OUT. km) s

end;
end: /¥ do i */

end mslorder:

e 3 4 8 33 3 e ok 38 e 0 5520 X6 200 3K R e e 30K e K¢ %6 e 3 240 3e B0 X e 34 4¢3 e S X 0 K 3648 23 2 48 N A %6 e e 20 K N WA A K K

137




APPENDIX F
SYSTEM INITIALIZATION

To switch on and initialize the system, follow these
steps:

(1)

Switch on and set up the hardware components of both
clusters in accordance with the respective power on
procedures described in the AEGIS lab up to the point where
the system disks are in their drives and the reset button of
the MULTIBUS frame was pushed.

(2)
Insert MCORTEX disks for cluster 1 and cluster 2 in
their respective drives.

(3)
For cluster 1:
At terminal 1 type in: capital 'U’'.
After prompt type in: 'gffd4:4' followed by RETURN.
After prompt choose console 'l' and login disk 'B’'.
After prompt B> change to disk A.
After prompt A> type in: 'ldcpm’'.
After prompt A> type in: 'ldboot'.

After prompt A> change to disk B.
After prompt B> terminal 1 is ready for MCORTEX.

At terminal 2 type in: capital 'U'.

After prompt type in: 'ge000:400'.

After prompt choose console '2' and login disk 'C'.
After prompt C> change to disk B.

After prompt B> terminal 2 is ready for MCORTEX.

At terminal 3 type in: capital 'U’'.
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(4)

After prompt tvpe in: 'ge000:400'.

After prompt choose console '3' and login disk 'D’'.
After prompt D> change to disk B.

"After prompt B> terminal 3 is ready for MCORTEX.

For cluster 2:

At terminal 1 type in: capital 'U'.

After prompt type in: 'gffd4:0'.

After prompt do the same as in cluster 1 after this
step.

Make sure cluster 1 is connected to the RTC* Ethernet.
System is ready for MCORTEX.

At cluster 1:

At terminal 1 type in: 'MCORTEX' followed by RETURN.
System will ask for global memory to be loaded, type in:
'Y' and hit RETURN.

System will ask for filename.

At terminal 2 type in: 'MCORTEX' followed by RETURN.
System will ask for global memory to be loaded, hit
RETURN.

System will ask for filename.
At terminal 3 do the same as at terminal 2.

Cluster 1 is ready for initialization.

At terminal 1 type in: 'CIPROC.CMD' and hit RETURN.

The driver will prompt with length of longest queue, and
signal that cluster 1 is initialized.

Cluster 1 is ready for the application processes.

Initialize cluster 2 the same way as cluster 1, but type
in: 'C2PROC.CMD' instead of 'ClPROC.CMD'.
After driver prompts, the system is ready for

application processes.
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:ﬁ Following, the initialization of the demonstration
:§ program's non-multiplexed constellation is described.
o
£ (5)
8 At cluster 2:
& At terminal 2 type in: 'MSLORD.CMD'.
%; User process MSLORDER will start executing.
<.
N At terminal 3 type in: 'REPORTER.CMD'. i
?d User process TRKRPRT will start executing. |
CE At cluster 1:
™ At terminal 3 type in: 'MSLREACT.CMD'.
: User process MSLTRAIN will start executing.
N At terminal 2 type in: 'TRACKER.CMD'.
EE} User process TRKDETEC will start executing.
[ The total system will run.
o8
Y ©
A Every terminal displays respective data on its screen.
b Terminals 1 in both clusters show message exchange
‘a activity 'transmitting' or 'receiving'. .
W
N (7)
&: To stop any process, hit 'Control S' at the respective
i) terminal. To restart the process hit 'Control S' again.
“h
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